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LETTER OF TRANSMITTAL. 

Missouri Bureau of Geology and Mines, 

Rolla, Mo., October 13, 1914. 

To the President, Governor Elliott W. Major, and the Members 

of the Board of Managers of the Bureau of Geology and 

Mines: 

Gentlemen:—I have the pleasure of transmitting herewith 

a report upon the stratigraphy of the Pennsylvanian series in 

Missouri, by Henry Hinds and F. C. Greene, the work being 

done in co-operation with the U. S. Geological Survey. Chapters 

IV, V, and the bibliography were prepared by Mr. Greene; 

the remaining chapters are the result of joint authorship. The 

paleobotany is discussed by David White, and the invertebrate 

fossils are made the subject of an exhaustive chapter by Dr. 

Girty. 

This report supplements volume XI, which deals primarily 

with the coal deposits, their extent, thickness, stratigraphic 

relations, and development. In the present volume more space 

is devoted to the formations which contain little or no coal, 

and especially to those in the Missouri group, which were 

examined in the field by Mr. Greene. Most of the field work 

was done in connection with the preparation of the report 

on coal, but detailed mapping in the Leavenworth quadrangle 

by Hinds, Greene, and M. Albertson late in 1911; in the Smith- 

ville, Green City, and Queen City quadrangles by Greene and 

Albertson in 1912; and in Grundy and Mercer counties by 

Greene and Albertson in 1913, added to the store of information 

obtained. 

In doing the field work the various limestones were traced, 

where possible, across Missouri from Kansas to Iowa and corre- 

lations made with the adjoining states. The divisions and names 

used are chiefly those published in vol. 9 of the reports of the 

University Geological Survey of Kansas. Except in cases 

where complete correlation has not been made, most of these 

divisions have been adopted by the neighboring states. The 
; (x) 
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Iowa Geological Survey will use the names and divisions as 

designated in this report with the exception of the term Drum. 

In Iowa, what is thought to be the same limestone has been desig- 

nated the De Kalb. If these members are found to be equiva- 

lent, when complete correlation is made, the term De Kalb 

must be retained. The Nebraska Geological Survey will use 

the term Burlingame for the limestone supposed to be the same 

as the Tarkio. The exact equivalence of these two limestones 

has not as yet been determined. The interval included in the 

Kanwaka, Lecompton, and Tecumseh members in this report 

has not been divided into three members in Nebraska as it has 

in Kansas and Missouri, and the larger unit name (‘‘Platte’’) 

will be retained. With these exceptions, the scale is adopted 

in Nebraska. 

Respectfully submitted, 

H. A. BUEHLER, 

Director and State Geologist. 
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The Stratigraphy of the Pennsylvanian Series in Missouri. 
By Henry Hinds and F. C. Greene. 

CHAPTER I. 

THE PENNSYLVANIAN SERIES IN MISSOURI. 

LOCATION AND IMPORTANCE. 

The main body of the Pennsylvanian series includes the 

highest consolidated rocks in about 24,000 square miles of 

northern and western Missouri (see fig. 1). In-addition there 

are a number of small outliers and pockets in central Missouri 

and on the Ozark plateau that are too small to be shown on the 

accompanying sketch map. This series is of great economic 

importance because of the deposits of coal, shale, clay, and stone 

that it contains, and it also presents many problems that are 

not lacking in scientific interest. 

GENERAL RELATIONS. 

The Carboniferous system of the United States is now 

commonly considered to consist of three series: the Mississippian 

at the base, the Pennsylvanian in the middle, and the Permian 

at the top. The Mississippian of Missouri contains a very large 

proportion of crystalline limestone, in strong lithologic contrast 

to the Pennsylvanian, in which shale is preponderate, sandstone 

is common, and the limestone is chiefly of the fine-grained type. 

The two series are separated by a wide-spread unconformity. 

The Permian series does not differ markedly from the Penn- 

sylvanian, but has not been found in Missouri. 

The Pennsylvanian series in Missouri is composed of about 

1,900 feet of shale, sandstone, limestone, clay, and coal. It is 

the only formation containing commercially important coal beds 

and the youngest consolidated formation in the area in which 

it outcrops. It includes beds that are contemporaneous with 

the upper part of the Pottsville, the Allegheny, the Conemaugh, 

and the lower part of the Monongahela formations of the Appa- 
1 eas, (1) 



2 STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

lachian region. In Missouri and adjacent portions of neigh- 

boring states the Pennsylvanian series is subdivided as in figure 2. 

The dominant structural feature of Missouri is the Ozark 

uplift in the southern part of the State. In the Ozarks the early 

Paleozoics lie at relatively higher levels than elsewhere and 

younger beds that may have formerly covered the region have 

been in greater part removed by erosion (see State geologic map 

in pocket). Strata dip away from the Ozarks to the west, north- 

west, and north, so that in those directions successively younger 

rocks appear at the surface. These dips are nowhere steep, 

but are greater near the Ozark border than at a distance from 

it. In the area occupied by the main body of the Pennsylvanian 

south of Missouri River the dip is very gently northwest; in north- 

western Missouri it is westerly, and in north-central Missouri 

strata lie nearly level when broadly considered, the horizontality 

being disturbed only by small cross anticlines from northwest to 

southeast. 

The small outliers of probable Pennsylvanian in the Ozarks 

lie on rocks of various ages, but chiefly on late Cambrian or early 

Ordovician. The main body of the Pennsylvanian in western 

and northern Missouri lies, so far as known, upon Mississippian 

rocks, except in a few places near the Ozark border. The 

Mississippian rocks upon which the Pennsylvanian rests range 

from St. Louis limestone in northeastern Missouri to limestone 

of Burlington age in the central and southwestern parts of the 

State. North of Missouri River the Pennsylvanian outcrops 

chiefly at intervals in the valleys or along partially buried 

escarpments of resistant rock, the series being largely concealed 

by a mantle of glacial drift, accompanied in places by wind- 

blown loess. 

TOPOGRAPHY. 

RELIEF. 

That portion of Missouri in which the main body of Penn- 

sylvanian rocks outcrops lies at a lower altitude and has less 

relief than any other portion of the State except the Southeast 

Lowlands—a part of the Gulf Coastal Plain. The Pennsyl- 

vanian area is lowest in the vicinity of St. Louis and highest 

in the district between Aurora and Springfield, though small 

outliers lie at still higher levels in the Ozark plateau. 

The surface of the area in which the Pennsylvanian is the 

highest consolidated formation ranges between 700 and 1,100 feet 

above the sea, rising from east to west. The highest altitudes are 
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DRAINAGE. 3 

attained in southern Jackson and northern Cass counties (maxi- 

mum 1,140 foot), on the divide in southern Clay and Platte 

counties (maximum 1,080 feet), on the divide between Platte 

and Grand rivers (maximum 1,100 feet) and on the divide be- 

tween Platte and Missouri rivers (maximum 1,100 feet). The 

greatest local relief is along the escarpment formed by the 

limestones at the base of the Kansas City formation and along 

Missouri River. At a point about midway between Iatan 

and Weston, in Platte County, the river bluff rises 340 feet 

above the flood-plain in one-eighth of a mile, but such notable 

relief is not known elsewhere in the Pennsylvanian area of the 

State. 
DRAINAGE. 

By far the greater part of the drainage of the Pennsyl- 

vanian area of the State is tributary to Missouri River, though 

a comparatively small area along the northeastern edge drains 

directly into the Mississippi. The principal streams south of 

Missouri River are the Osage and Blackwater which, in the 

Pennsylvanian area, have a general easterly direction, but the 

northeast and southeast flowing tributaries cause the outcrop 

of any particular formation to assume a dendritic form. The 

streams are, as a rule, wide-bottomed and with low bluffs where 

cutting through shale, but the valleys are slightly narrower 

and more steep-sided where there are one or more thick layers 

of limestone. Where the streams enter Mississippian rocks the 

valleys narrow and the meanders are deeply intrenched. 

North of the Missouri the principal tributaries are, from 

west to east, the Nishnabotna, Tarkio, Nodaway, Platte, Grand, 

and Chariton, most of them flowing in a general southerly 

direction. The existence of this. great number of south-flowing 

streams is probably due to the initial slope of the drift surface, 

as most of the streams of northern Missouri appear to be post- 

glacial. The flood-plains are wide and the bluffs low where the 

streams are cutting through drift, but the valleys are narrower 

and steeper where cut in indurated rocks. The change in the 

shape of the valleys where the streams flow from glacial material 

to indurated rocks is well shown on the two forks of Grand 

River north of Trenton and on the Chariton north of Connels- 

ville. In the discussion of the stratigraphy of northern Mis- 

sourl mention is more frequently made of outcrops on the south 

sides of streams than on the north sides. Steep bluffs on the 

south sides and gentle slopes on the north are characteristic 

of the valleys in this part of the State. Similar asymmetrical 
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valleys are also common in Iowa and other drift-covered regions 

and were attributed by Calvin to the disintegration and loosening 

of material on the south-facing slopes by frequent alternations 

of freezing and thawing during the winter months. 

PHYSIOGRAPHIC DIVISIONS. 

Missouri contains four principal physiographic divisions 

that are more or less distinct: (1) the Drift Plains, (2) the 

Searped Plains, (3) the Ozark Region, and (4) the Southeast 

Lowlands (a part of the Gulf Coastal Plain).! These are shown 

in figure 3. 

The southern boundary of the Drift Plains is not definite. 

In this division the topographic forms, with few exceptions, 

are those produced by erosion of the nearly level surface of the 

Kansan drift sheet. East of Chariton River the upland is 

characterized by “tabular divides’ and west of that stream 

by hilly or rolling topography. 

The Scarped Plains consist of plains bounded by escarp- 

ments produced by erosion of Pennsylvanian strata of unequal 

resistance. The northern half of this division is overlain by 

glacial drift which only partially masks the terraced effect. 

In a few places this mantle of drift causes the Scarped Plains 

to blend with adjacent parts of the Drift Plains, but the boundary 

can usually be determined within a few miles. The Scarped 

Plains are subdivided into the Lathrop, Jamesport, Warrens- 

burg, and Nevada plains by the escarpments of the Plattsburg 

and Stanton, the Hertha, Bethany Falls, and Winterset, and 

the Fort Scott and Pawnee limestones. Other minor plains and 

escarpments occur both in the Scarped Plains and in adjoining 

areas, but these are not considered of sufficient importance 

to warrant special mention in a state-wide classification. 

South and east of the two main divisions just mentioned 

is the Ozark Region, occupying most of the south-central portion 

of the State. It is a region of higher altitude and older outerop- 

ping formations than the other physiographic divisions. Most 

of the streams flow through valleys with incised meanders. The 

Ozark Region is subdivided into the Springfield Plain and the 

Ozark Plateau. The surface of the Springfield Plain, as a whole, 

is smooth except near the larger streams and is upheld chiefly 

by Mississippian limestones. The Ozark Plateau is distinguished 
from the bordering plain by its greater dissection. Since there 

1In this discussion Marbut’s terms used in ‘Physical features of Missouri,’’ 

Missouri Geol. Survey, vol. 10, pp. 14-109, 1896, are adopted in part. 
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PHYSIOGRAPHIC EFFECTS OF GLACIATION. 5 

are only very small patches of Pennsylvanian rocks on the 

Plateau, mention of minor features is not considered essential 

in this report. 

_The remaining main division, lying southeast of the Ozark 

Plateau, is the Southeast Lowlands, a part of the Gulf Coastal 

Plain. This area is one of low altitudes and very little relief. 

It is the only physiographic division in which there are no 

Pennsylvanian rocks. 

PHYSIOGRAPHIC EFFECTS OF GLACIATION. 

North of Missouri River, a few escarpments appear in the 

river counties, but over the greater part of northern Missouri 

the drift averages 50 feet thick in the south and 200 to 400 feet 

near the Iowa line, and effectually conceals preglacial features. 

The preglacial surface of north Missouri consisted of escarp- 

ments and structural plains much like those south of the river 

at the present time. These features are now largely obliterated 

by a drift mantle in the Drift Plains. The Hertha-Winterset 

escarpment, probably never completely eradicated, has been 

partially resurrected by the removal of drift by Grand River 

and its tributaries. Along Missouri River and the lower courses 

of its tributaries short escarpments formed by the Plattsburg 

and Stanton, Iatan, Oread, Deer Creek, and Tarkio limestones 

have been in part resurrected and in part accentuated by post- 

glacial erosion. The Jamesport and Lathrop platforms probably 

have much_.the same appearance as before glaciation. 

The surface left by the ice sheets slopes, in general, south- 

east or south and the main streams of the area may have had 

their courses determined by this inclination. In the western 

half of north Missouri the country is rolling, but farther east 

the divides are tabular and the valleys comparatively narrow. 

Where the streams have cut into preglacial uplands and exposed 

consolidated rocks they,flow through comparatively steep-sided, 

narrow valleys; where the present streams cross preglacial 

lowlands or valleys the slopes are gentle and there are few 

outcrops of the older formations. 

GENERAL DESCRIPTION OF SERIES. 

THICKNESS. 

The Pennsylvanian rocks of Missouri have a general dip 

to the northwest and west and are, consequently, thin along 

their eastern border, where only the older formations have been 
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spared by erosion, and thickest in the northwestern counties 

of the State. Since dips are low and surface relief small, out- 

crops of the highest and lowest beds are separated by distances 

of more than 100 miles. From outcrop observations alone, 

the thickness of the Pennsylvanian in any locality not on its 

border can be determined only by using the thicknesses of the 

lower formations that were determined in their outcropping 

areas at what may be considerable distances. This method does 

not yield exact results, however, for drilling shows that many of 

the shale members of the Missouri group thin to the north- 

west and that the Des Moines group varies within wide limits 

because of irregularities in the floor upon which it rests. 

By adding the thickness of Pennsylvanian rocks penetrated 

by the Forest City drilling to the younger formations out- 

cropping farther up Missouri River, the total thickness of the 

series is determined to be about 1,900 feet. The Nebraska 

City, Nebraska, drilling shows, however, that the Des Moines 

group overlaps toward the northwest and is much thinner 

there than at Forest City. It is probable, therefore, that the 

maximum thickness of the Pennsylvanian at any one place 

in northwestern Missouri is not more than 1,700 feet. South 

and east of Atchison and Holt counties, the thickness decreases 

because of the absence of the younger formations. 

SUBDIVISIONS. 

The Pennsylvanian series in Missouri has been divided into 

two groups, the lower termed the Des Moines group and the upper 

termed the Missouri group (see fig. 2). This was originally 

done chiefly in the belief that the Missouri group was strongly 

differentiated by a greater abundance of calcareous material. 

It is true that the lower part of the Missouri group contains 

many exceptionally thick beds of limestone and that the upper 

part of the Des Moines group is comparatively free from them, 

yet there are several thick formations in the upper group that 

are as free from limestone as any in the lower. Nevertheless 

there is a well-marked faunal break between the two groups 

that perhaps justifies their separation, and for economic pur- 

poses the Missouri is distinguished from the Des Moines by the 

absence of important coal beds. 

There are strong indications of a wide-spread unconformity 

within the Pleasanton formation, and it may be that the faunal 

break mentioned above is due to this feature. If this is so, 
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the boundary between the two groups should be drawn at the 

unconformity and within the Pleasanton. In much of the 

State, however, it would be impossible to accurately map such 

a boundary in the field. It is to be hoped that additional paleon- 

tologic evidence may result in the near future in a new sub- 

division of the Pennsylvanian into groups correlative with 

those in the Appalachian region. It is fairly certain that the 

lower part of the Cherokee shale is of Pottsville age and the 

upper part is of Allegheny age. From incomplete collections 

already made it is tentatively suggested that Allegheny time ends 

at the horizon of the unconformity in the upper part of the 

Pleasanton formation and that Conemaugh time ends well up in 

the Shawnee formation. 

The two groups include eight formations, three in the Des 

Moines and five in the Missouri. The formations are in turn 

divided into units termed members. 

SUBDIVISIONS OF THE PENNSYLVANIAN SERIES IN MISSOURI. 

Group. Formation. Member. Bed. 

Undifferentiated ercrriereiarin | oiaerecienetr eater ater 
Wabaunsee formation. .| Tarkio limestone......... 

Scranton shale 
Howard limestone. 
Severy shale..... re 

‘ Topeka limestone........ |. 
Shawnee formation..... Calhoun shale........... | 

Meer CreckpuIMestONe yen cris -eenets atte ete tet 
Mecumsehishalemeysnewee sulk ese vate keane nearer « 
Lecompton limestone.....|....-.-...----...-- 
Kamiycaicagshal o=mrtamyserien | arate terrors arated teteiat= =o 

Oread Wimestone 2 sae eee || sarees estas eteinl= 
Lawrence shale.......... Amazonia limestone 

(toward top). 
Douglas formation..... Iatan limestone.......... 

Weston shale..... 

Stanton limestone........ 
F ¥ fe E Wilasishalem ernest teeter 

Missouri...... Lansing formation..... Plattsburg limestone..... 
Lane shale..2.-...:..... Farley limestone (in 

middle). 

Tio} hy, hse ec anomaonn Peocennebe ano oes ono 
Chanute shale........... Raytown limestone 

(toward top). _ 
Cement City lime- 

stone (near base). 
, Drum limestone......... Jasooovepac 

Kansas City formation.| Cherryvale shale... 3 
Winterset limestone Seale A a0 
Galesburg shale.......... ASLO ROOD CORIO GIFS 
Bethany Falls limestone... |.......-..........- 
Mad orershale ae serwesete tien cer aeeiede ore torale tes casie ts. « 

Pleasanton formation...| Undifferentiated 

Des Moines... | Henrietta formation....| Labette shale 

Cherokee shale........ Undifferentiated... 2.5... |-<- 2. --5-- ee ean nes 
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LITHOLOGY. 

The Pennsylvanian series is composed of a number of 

varieties of shale, sandstone, limestone, clay and coal. It is 

unique among Paleozoic units in the variety of its sediments 

and in vertical variability. Some of the shale and sandstone beds 

are more than 50 feet thick, but more commonly there is a 

change of sedimentary types every 20 feet or less vertically. 

The thickest limestone beds, the Iola at Kansas City and one 

in the upper part of the Cherokee near Fulton, are 40 feet thick, 

but this is exceptional. Some of the most persistent limestones 

average little more than two feet in thickness. 

The shales are the most important, quantitatively, of any 

of the rock varieties and constitute a considerable proportion 

of every formation. The common type is bluish-gray and argil- 

laceous—rarely without some mica and sand; it is the “‘soap- 

stone’”’ of drillers. At certain more or less persistent horizons 

the shale is reddish or purple, variegated with a light cream or 

greenish tint, and is wholly free from sand or mica. In the 

lower part of the Cherokee the shale at many horizons grades 

vertically or horizontally into dark or black shale that breaks 

down more readily on exposure and lacks the firmness of the 

slaty shale found associated with the coal and limestone beds 

of higher strata. The slaty shale is commonly black, and is 

so fissile as to resemble true slate, a rock it is erroneously con- 

sidered to be by miners, drillers, and many others. Some of 

the shales are calcareous, in places containing much lime as 

a cementing material or as impure lenses and concretions. 

Some shales grade both laterally and vertically into sandstones 

and often it is merely a matter of personal opinion as to whether 

a bed should be called shale or sandstone. 

The sandstones vie with the shales in importance, quan- 

titatively considered. In color they vary from white, blue, and 

gray to brown and red, but commonly weather to a yellow or 

reddish brown. As a rule they are micaceous and medium- 

grained, but in a few instances are coarse-grained and non- 

micaceous. They have been found containing so much cal- 

careous material that it was a question whether to call them 

calcareous sandstones to sandy limestones. 

The limestones are commonly light-colored, fossiliferous, 

fine-grained, compact, and more or less shaly along the bedding 

planes. Many of the beds, especially the thicker ones, are cherty; 

some are oolitic and thick-bedded, as the Drum at Kansas 
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City and the Bethany Falls at Trenton and Princeton; and 

others are made up of small fragments of bryozoans, shells, and 

other invertebrate remains. Certain beds, such as the “‘Chae- 

tetes limestone” in the Cherokee shale, the upper part of the 

Fort Scott limestone, and the Pawnee limestone in Bates County, 

seem to have been in part ancient coral reefs. A macroscopically 

crystalline appearance is rare and is largely confined to brachio- 

pod shells, mainly of the genus Composita or Seminula. Other 

varieties of limestone deserving special mention are the thin, 

dark-gray or blue, even-bedded deposits such as parts of the 

cap rocks of the Summit, Mulky, and Tebo coals and the middle 

part of the Oread limestone, the gray or blue “bottom-rocks”’ 

of coal beds, commonly nodular and uneven on their upper 

surface, and the “conglomerate” or “brecciated’’ unfossiliferous 

beds like the Iatan and Bethany Falls limestone at their type 

localities and some of the “bottom-rocks.”’ 

The coal is of the cannel and bituminous varieties, the 

latter by far the more common. Cannel is not uncommon in 

the pockets in and near the Ozark region. The coal beds of 

the upper part of the Cherokee shale and of the Henrietta 

formation are in many cases associated with limestones and are 

characterized by an abundance of white gypsum and calcite 

scale in the joints. The “‘red’’ coals, so much esteemed by cer- 

tain domestic consumers, owe their color to the staining of this 

scale by iron rust resulting form the decomposition of the pyrite 

contained in the coal. 
Clays are most common near the base of the Cherokee, 

underlying coal beds, and as thin intercalations separating lime- 

stone layers or immediately underlying limestone beds. Flint 

and plastic fire clays lie at or near the base of the Cherokee in 

Callaway and neighboring counties and in St. Louis county. 

Pottery and stoneware clays are found at various horizons 

in the lower part of the Cherokee. Nearly all coal beds are 

underlain by clay, commonly and often incorrectly termed 

“fire clay.”’ Many deposits exhibit a slight lamination on 

weathering and would be called clays when moderately fresh 

and shales if subjected to longer exposure. 

The remaining type of sediment, and perhaps the least 

common, is conglomerate. At the base of the Pennsylvanian, 

-cherts—the residuum of cherty limestones that has been spared 

by pre-Pennsylvanian weathering and erosion—have since been 

cemented to form breccias or conglomerates. Some con- 
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glomerates at the base of the Pennsylvanian contain pebbles 

derived from older rocks. A few conglomerates higher in the 

section are composed chiefly of Pennsylvanian limestone pebbles 

in a calcareous matrix. 

PREVIOUS WORK. 

Because of its situation on main lines of travel from the 

East to the West, Missouri was visited at an early date by a 

number of geologists, but their published accounts are rather 

fragmentary. The most important of the early expeditions 

in the Pennsylvanian area was that of Owen! made in con- 

nection with classifying the public lands of Iowa and other 

states. Owen followed down Missouri River from Council 

Bluffs to St. Louis, making a number of valuable observations. 

He mapped the Missouri group outcrops seen above Lexington, 

as Carboniferous limestone (Mississippian), a mistake made 

also by a few other observers and definitely corrected by 

Swallow. 

Soon after the organization of the first State Geological 

Survey in 1853, with G. C. Swallow in charge, systematic work 

was begun by reconnaissance journeys, followed by county 

mapping. Swallow traveled down Missouri River from Council 

Bluffs to Rocheport. He believed that the Missouri group 

dipped down the river and that practically the same strata 

were exposed at all points between Lexington-and the north- 

western corner of the State. His ““‘Upper Coal Series,’’ essentially 

the same as the Missouri group, is consequently only 262 feet 

thick, an error of about 880 feet in outcrop observations. Major 

F. Hawn made an examination of a strip extending across the 

State near the line of the Hannibal and St. Joseph Railroad, 

noted the important coal beds of north-central Missouri, and 

constructed a generalized vertical section that is correct in 

part. A few other excursions were made in coal-bearing terri- 

tory, but the results were not published. In 1854 Swallow 

completed brief surveys of Marion and Cooper counties, while 

F. B. Meek worked in Moniteau and B. F. Shumard in St. 

Louis County. It is interesting to note that Meek recognized 

the true nature of the Ozark coal pockets at even this early 

date. The results of this work were published as the First and 

Second Annual Reports of the Missouri Geological Survey. 

1Owen, D. D., Rept. of the Geol. Survey of Wis., Ia., and Minn., ete., 1852 
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The outbreak of the Civil War caused the suspension of 

the first Survey in 186i, before the results of its later work 

could be published. The second Survey was organized in 1870 

and published in 1872 the reports of the work done just previous 

to 1861, including descriptions of the geology of Shelby, Macon, 

and Randolph counties by G. C. Broadhead, of Miller, Morgan, 

and Saline by F. B. Meek, and of Crawford and Clark by B. F. 

Shumard. These reports, though brief and as a rule unaccom- 

panied by adequate maps, marked a distinct advance over 

earlier work. In the report of field work done in 1872 under 

Raphael Pumpelly, W. B. Potter described the Lincoln County 

coal pockets and Broadhead the geology of Livingston, Clay, 

Platte, Buchanan, Holt, Atchison, and Nodaway counties. 

Broadhead also reported on the country between Sedalia and 

Kansas City and gave a general description of the remainder 

of the Pennsylvanian area. In connection with this he made 

a generalized section of the “Upper Coal Measures” that is 

accurate in the main, and a condensed section of all the coal 

beds that is considerably in error in the lower part. 

In the report of the field work of 1873 and 1874, Broad- 

head, who was then State Geologist, published a good but much 

generalized section of the southwest coal field and county reports 

on Cedar, Bates, Sullivan, Adair, Linn, Andrew, Daviess, and 

Cole counties, and described Jasper, Barton, Vernon, and Howard 

counties in collaboration with C. J. Norwood. At the same time 

Norwood also described Putnam and Schuyler counties. The 

second Survey was abolished in 1876. 

The Missouri Bureau of Geology and Mines was organized 

in 1889 under Arthur Winslow, one of whose first publications 

was a brief preliminary report on the coal deposits of the State. 

Detailed geologic and topographic mapping was soon begun 

on the quadrangle system and reports published on the Higgins- 

ville quadrangle by Winslow, on the Bevier by C. H. Gordon, 

and on the Huntsville, Richmond, Lexington, Calhoun, and 

Clinton quadrangles by C. F. Marbut. In accuracy and com- 

pleteness these surveys were distinctly in advance of many of 

their contemporaries. The nomenclature used in the later 

reports forms the basis for that of the Des Moines group in this 

volume, with the modifications necessitated by the correlations 

recently established between the areas then mapped and _ be- 

tween Henry County and Kansas. 

With the exception of.a few detailed areal descriptions 
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which mention very small coal pockets and Pennsylvanian 

outliers, all reports published during the last 20 years deal only 

indirectly with Pennsylvanian stratigraphy or confine themselves 

to one or more of the economic resources. In 1895 Broadhead 

published a short general discussion of the “‘Coal Measures,” 

but it contributed little that was new. Discussions of the 

physiography and topography of the State by Marbut, of the 

paleontology by C. R. Keyes, and of the Quaternary deposits 

by J. E. Todd covered parts of the Pennsylvanian area. Two 

bibliographies, one by F. A. Sampson in 1890 and another by 

Keyes in 1896, cited all the Missouri geologic literature known 

at those dates. The economic reports covered the entire State 

and included that on clays and shales by H. A. Wheeler in 1896, 

that on the quarrying industry by E. R. Buckley and H. A. 

Buehler in 1904, that on lime and cement resources by Buehler 

in 1907, and that on iron ores by G. W. Crane in 1912. 

In addition to the publications of the State surveys, there 

were a large number of short articles published. The United 

States Geological Survey, however, issued a few important re- 

ports: (1) a bulletin on the flora of the outlying Carboniferous 

basins of southwestern Missouri and a very complete monograph 

on the flora of the lower coal measures, chiefly of Henry County, 

by David White, (2) a generalized description of the western 

interior coal field by H. F. Bain in 1902, (3) an account of the 

underground waters of the State and their geological relations 

by E. M. Shepard in 1907, (4) a description of pockets and 

outliers in the Joplin area*by Smith and Siebenthal, and (5) 

the geology of the St. Louis quadrangle by N. M. Fenneman. 

The State and Federal Surveys co-operated to publish in 1912 

an economic report on coal by one of the present writers. 

Although, as shown above, there is a fair amount of pub- 

lished material on the Pennsylvanian rocks of Missouri, it was 

not until the inauguration of the recent co-operative work in 

1910 that an attempt was made to trace formational outcrops 

from the Kansas to the Iowa boundaries, and to bring together 

and correlate in coherent form the results of all earlier work 

and of the many excellent drill records recently obtained. During 

the last two decades, the reports of the Kansas and Iowa Surveys 

have thrown considerable light on Missouri problems. 
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NOMENCLATURE. 

VARIOUS SYSTEMS OF GROUPING. 

Many geologists who have investigated the Pennsylvanian 

rocks of the western interior coal region have attempted to group 

the beds in series, groups, stages, formations, and members, 

often using these terms as though they were essentially of the 

same rank. There are two problems involved in differentiating 

the beds, one, that of determining the stratigraphic boundaries 

and rank of the units, and, the other, that of applying proper 

geographic names. 

In 1855 Swallow segregated three divisions of the Pennsyl- 

vanian, then known as the ““Coal Measures” or ““Upper Carbon- 

iferous,’ and termed them “‘Upper, Middle, and Lower Coal 

Series.” It is to be regretted that his divisions cannot be corre- 

lated definitely with the units which have been segregated 

more recently. 

When Broadhead! published his first Missouri River section, 

he said, ““For convenience and comparison, I have separated the 

coal series into several groups, each possessing characters some- 

what peculiar, and separable from each other by moderately 

well marked natural lines, but there can scarcely be said to be 

any strongly marked groups.” The groups are apparently 

attempts to combine topographic, lithologic, and faunal criteria. 

BROADHEAD’S FIRST GROUPING AND MODERN EQUIVALENTS. 

Group.| Nos. (1868.) Thickness. Modern equivalents. 

Feet. 

A 1-— 47 370 Top of section to Severy shale member, 

inclusive. 

B 48-— 69 76 Topeka limestone and Calhoun shale mem- 

bers. 

Cc 70— 98 178 Deer Creek limestone member to Kan- 

waka shale member, inclusive. 

D 99-133 337 Oread limestone member to Vilas shale 

member, inclusive. 

E 134-146 134 Plattsburg limestone member to Chanute 

shale member, inclusive. 

‘Broadhead, G. C., Coal Measures in Missouri: St. Louis Acad. Sci. Trans., 

vol. 2, pp. 311-333, 1868 (first issued July 27, 1865). 
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BROADHEAD’S FIRST GROUPING AND MODERN EQUIVALENTS 

—cContinued. 

| yj Group.| Nos. (1868.) Thickness. Modern equivalents. 

| Feet. 

F 147-172 | 174 Drum limestone member to 28 feet below 

| top of Pleasanton formation. 

G 173-193 | 176 Remainder of Pleasanton formation to 

| Fort Scott limestone member, inclusive. 

ee 4] 194-284 | 588 Cherokee shale. 

iL 7 Sea oreraicrochces +4 60-90 Cherokee shale. 

When the stratigraphy along the Missouri Pacific Railroad 

in Pettis, Johnson, Cass and Jackson counties was studied, 

Broadhead made further subdivisions, mainly in the Des Moines 

group. These, he also termed “groups,” and named, from the 

base upward: (1) “Clear Fork,” (2) ““Knob Noster,” (3) ““War- 

rensburg,” (4) “‘Lexington,’ (5) “‘Holden,’ (6) “Mound.” 

Number 7, the remaining division, was called the ““Upper Coal 

Measures.” The ‘“‘Clear Fork,’ ““Knob Noster,’ and “‘Warrens- 

burg’ are the Cherokee shale of the present classification; the 

“Lexington” corresponds approximately with the Henrietta; 

and the ‘‘Holden”’ and ‘‘Mound”’ with the Pleasanton formation 

and the Hertha and Ladore members of the Kansas City forma- 

tion. 

In the same report the “Lower,” “Middle” and “Upper 

Coal Measures” of Swallow were first adequately defined: the 

lower division including approximately the strata from the 

base of the Cherokee to the underclay of the Mulky coal seam; 

the: middle division, the remainder of the Cherokee, and the 

Henrietta and Pleasanton; and the upper division the Missouri 

group. The “Upper Coal Measures” included 16 feet of strata 

(Broadhead’s numbers 72 and 73) that are now referred to the 

Pleasanton. Later, however, the “Lower” and “‘Middle” were 

thrown together into the “Lower Coal Measures.” 

Winslow in 1891 used the terms “Lower,” “‘Middle,” and 

“Upper Coal Measures” and the two lower divisions were mapped 

in the Higginsville and Bevier quadrangles. 

The names Missouri and Des Moines were inteuanbed by 

Keyes in 1892, when he proposed Missouri “stage’”’ to correspond 

“essentially with the ‘upper’ Coal Measures, representing the 
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more strictly marine beds,’”’ and Des Moines “‘stage’’ to corre- 

spond with “the lower Coal Measures, or the marginal deposits 

of the upper Carboniferous.” In 1894 he stated that “the great 

limestone of Winterset may be regarded as the base of the 

‘upper’ Coal Measures’? and that “in Missouri, it appears to 

be continued in what is known as the Bethany Falls limestone.” 

The basal member of the ‘‘great limestone at Winterset”’ has re- 

cently been found to be Broadhead’s number 74 (Hertha). 

Broadhead republished his sections in 1895 and definitely drew 

the base of the “‘Upper Coal Measures” at his number 74, a 

procedure that was afterward followed by the Missouri Survey. 

In this report, therefore, the Hertha is considered to be the base 

of the Missouri group. 

In the same report Broadhead correlated his groups of 1868 

with his numbered section of 1872. 

BROADHEAD’S LAST GROUPING OF THE PENNSYLVANIAN. 

Group. Numbers. Thickness. 

Feet. 

A “ite ito PIMs asoesanaomcoumacdon occ 310 

B PUPA Re) WS 5 oo goes n Grace owe el ne eae CoN 43 

Cc TEKS) 10): SENOS 6 opin o 6 Os. 66 Oo pmo oeE o 200 

D LEO Re) MUO Bg. esc cn Bio oto & ccl an GLO, & 400 

E IGE KO. OGoioic poo satanic sls dn oaebeds|| 154 

r 18 WO-(5,.5.6 aloe. 0 oo Wi OS. cinio cinch teo © 154 

G @2ebOw exam eto CO alls i) eee le 175 

H Lhexington coal to base............. 588 

The classification used in this report is that of the Kansas 

University Geological Survey modified by the results of recent 

field and office work in Missouri. The present and other classi- 

fications are shown in the long table at the end of this chapter. 

NAMES AND THEIR PROPER APPLICATION. 

GENERAL STATEMENT. 

There has been much confusion in the naming of members 

and formations in the western interior coal field. Owing to the 

fact that some of the first names were published in reports not 

easily obtainable for reference, some of them were afterward 

overlooked; in other cases, the names applied were already in 

use elsewhere for some other formation. The classification adopt- 

ed in this report is believed to be applicable to Iowa, Missouri, 
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and Kansas, and in part to Oklahoma. It has been carefully 

considered and approved by the Committee on Geologic Names 

of the U. S. Geological Survey. 

Swallow, Broadhead, and other early workers in this field 

used very few names, designating beds by numbers that referred 

them to various general sections. Later investigators in Iowa 

and Missouri have also avoided as much as possible minute 

subdivision and naming of members. Many names have been 

introduced in Kansas, however, and in this report the classifi- 

cation recently published by the Kansas University Geological 

Survey in volume 9 of its reports has been adhered to as closely 

as possible. There have been introduced a few Missouri and Iowa 

names that were in use before their Kansas equivalents were 

adopted, and two of the major formations of the Kansas Survey 

have been divided on both faunal and lithologic grounds, and 

their constituent parts renamed or assigned names already in 

common usage in Missouri. The Shawnee formation remains 

unchanged, though it is recognized that it transgresses a faunal 

stage. With the exception of two formation names and four 

names for minor limestone beds all the names employed have 

already been proposed by other writers. 

DES MOINES GROUP. 

The name Des Moines! was proposed by Keyes in 1893 to 

represent the “lower Coal Measures” or the “‘marginal deposils 

of the upper Carboniferous.’ The term was soon more exactly 

defined and has since been in general use in Missouri and Iowa. 

In 1896, Keyes? himself says, ‘“‘over the whole of its areal extent 

in the western interior coal field the Des Moines series, or pro- 

ductive coal measures, is clearly limited above by the Bethany 

limestone and below by the Mississippian or earlier formations.” 

The term Bethany, as employed by Keyes, included the Bethany 

Falls limestone of Broadhead and the beds just above and below 

it. 
CHEROKEE SHALE. 

DEFINITION. 

The name Cherokee* was first given to this formation, 

the lowest of the Des Moines group, by Haworth and Kirk. 

1Keyes, C. R., The geological formations of Iowa: Iowa Geol. Survey, vol. 

1, pp. 85-114, 1893. 

‘Keyes, C. R., Stages of the Des Moines, etc.: Iowa Acad. Sci. Proc., vol. 4, 

pp. 22-25, 1896. . 

‘Haworth, E.; and Kirk, M. Z., The Neosho River section: Kansas Univ. 

Quart., vol. 2, p. 105, 1894. 
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Since then practically every publication dealing with the forma- 

tion has used the name, which has become firmly established 

in the literature of Kansas and Missouri, and it has therefore been 

adopted by the United States Geological Survey, the previous 

application of the term Cherokee to rocks in North Carolina 

and to a Mississippian limestone in the Ozark region being con- 

sidered as obsolete. 

A number of names of more or less local significance have 

been applied to members of the Cherokee shale. These are re- 

ferred to only incidentally in this report, as it is believed that it 

is much simpler and just as adequate to designate beds by 

indicating their relation to the persistent coal beds in the upper 

part of the formation. 

The name Graydon Springs sandstone and conglomerate! 

was first suggested by W. P. Jenney and afterward used by 

Winslow, to apply to Pennsylvanian deposits in Lawrence, 

Greene, and Dade counties that occupy depressions in Mississip- 

pian rocks. The name was shortened to Graydon sandstone? 

by Shepard and was extended by him? and by other writers 

to coarse deposits filling channels and depressions in the pre- 

Pennsylvanian land surface from Callaway County to southwest 

Missouri. The lithologic and apparently stratigraphic similarity 

of the various sandstones and conglomerates termed Graydon 

appears to be due more to the similarity of the somewhat unique 

conditions under which they were formed than to strict identity 

in age. The same may be said of the Saline Creek cave con- 

glomerate* of Ball and Smith, a deposit recognized as filling 

solution cavities in the pre-Pennsylvanian rocks of Morgan 

and Moniteau counties. : 
In Kansas the term “Columbus sandstone’”’® has been used 

for arenaceous sediments about 150 feet above the base of the 

Cherokee shale, but ““Columbus”’ is preoccupied as a formation 

name, by application to a Devonian limestone in Ohio. 

‘Winslow, Arthur, Lead and zine deposits: Missouri Geol. Survey, vol. 7, 

pp. 422-425, 1894. 

*Shepard, E. M., Geology of Greene County: Missouri Geol. Survey, vol. 12, 

p. 124, 1898. 

‘Shepard, E. M., Underground waters of Missouri: U. S. Geol. Survey 

Water-Supply Paper 195, p. 22, 1907. 

‘Ball, S. H., and Smith, A. F., Geology of Miller County: Missouri Bureau 

of Geology and Mines, vol. 1, 2nd series, p. 92, 1903. x 

‘Haworth, E., and Kirk, M. Z., The Neosho River section: Kansas Univ. 

Quart., vol. 2, p. 106, 1894. 

G—z 
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Broadhead gave the name “Clear Creek sandstone’! to 

about 50 feet of sandstone in the upper part of the lower division 

of the Cherokee shale in Barton and the neighboring counties, 

but this name is preoccupied by Worthen’s use of Clear Creek 

limestone? for a Devonian formation in. Illinois, and further 

complications have ensued from the application of the name 

“Clear Creek’? by Keyes and by Wheeler to Silurian limestones 

in Missouri and by Drake to Carboniferous beds in Texas. 

The name Cheltenham? applied to the fire clay of the 

St. Louis district, is also applicable, according to David White, 

to the basal clays utilized in Audrain, Callaway and Boone 

counties. 

Aside from the coal beds, the only single layer in the lower 

part of the Cherokee to which a name has been given is the 

nodular limestone lying a few feet below the Bevier coal bed. 

This limestone, termed the Ardmore limestone by Gordon,‘ is 

the hydraulic limestone of Swallow. 

In the upper part of the Cherokee the arenaceous deposits 

immediately above the Bevier coal have been given the name 

Lagonda sandstones and shales® by Gordon. It is probable 

that he intended to include under this designation the material 

between the Bevier coal bed and the underclay of the Mulky 

(Macon City) coal bed. Where the Mulky and its closely 

associated cap-rock are absent, however, it is not practicable 

to distinguish these rocks fron the remainder of the Cherokee. 

In an economic report on the clays and shales of the Bevier 

quadrangle, Wheeler® applied to several beds in both the lower 

and upper parts of the Cherokee names that have not, however, 

come into general use. The underclay of the Bevier coal he 

called the Bevier fire-clay, that of the Tebo (Lower Ardmore) 

coal the Miller fire-clay, and that of the Summit coal the Thomas 

Hill fire clay. The shale bed above the cap-rock of the Mulky 

(Macon City) coal he designated as the Macon City shale, 

i1Broadhead, G. C., The Geology of Barton County: Missouri Geol. Survey, 

Rept. 1873-74, p. 100, 1874. y 

*Worthen, A. H., Devonian and Silurian systems: Illinois Geol. Survey, 

vol. 1, pp. 126-129, 1866. ; 

Wheeler, H. A., The clay deposits of Missouri: Missouri Geol. Survey, vol. 

11, p. 246, 1896. 

‘Gordon, C. H., A report on the Bevier sheet: Missouri Geol. Survey, Sheet 

Rept. No. 2, p. 20, 1893. 

‘Idem p. 19. 

‘Wheeler, H. A., Clays and shales (of the Bevier sheet): Missouri Geol. 

Survey, Sheet Rept. No. 2, pp. 57-65, 1893. 
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and that a few feet above the Lower Ardmore coal bed as the Pot- 

tery shale. 

Non-geographic descriptive names have been occasionally 

used in Missouri and neighboring parts of Kansas for various 

members. The term “diamond rock” was assigned to a thin 

limestone in the Fort Scott region that is probably to be corre- 

lated with a similar bed in Vernon and adjacent counties and 

with the limestone cap-rock of the Mulky coal bed. Swallow’s 

terms “Fort Scott marble’ and “Fort Scott series’? were also 

used for the Mulky cap-rock and rocks closely associated with 

it. In the northern half of the Cherokee shale outcrop Broad- 

head called the cap-rock of the Summit coal bed the ““Rhom- 

boidal limestone’ and the limestone just below the horizon of 

the Lexington coal bed the “‘Chaetetes limestone.’ It was 

Broadhead’s usual custom to refer to different beds by numbers 

that corresponded with those in one of his general sections of 

the State or of one or more counties. 

HENRIETTA FORMATION. 

DEFINITION. 

The name Henrietta, from a postoffice (now abandoned) 

in Johnson County, Mo., was first used by Marbut in a physio- 

sraphic sense in 1896, and first given stratigraphic definition 

by Keyes,! who included in it the Pawnee limestone, Labette 

(“Marmaton’’) shale, and Fort Scott limestone. As mapped 

by Marbut in the Clinton, Calhoun, Lexington, and Richmond 

sheets the Henrietta? included beds in the upper part of the 

Cherokee, but he definitely stated that it was intended to include 

the Fort Scott limestone at the base and the Pawnee limestone 

at the top. Prior to Keyes’ paper Bain applied the name “‘Appa- 

noose’? to an approximately equivalent terrane in Appanoose 

County, Iowa, which, however, is believed to include part of 

the Pleasanton at the top and part of the Cherokee at the base. 

In 1898 Bain and Leonard suggested that both the names 

Henrietta and Appanoose# be reserved for local use and a new 

1Keyes, C. R., Stages of the Des Moines, etc.: Iowa Acad. Sci Proc., vol. 4, 

pp. 22-24, 1896. 

*Marbut, C. F., Geological descriptions of the Clinton, Calhoun, Lexington 

and Richmond sheets: Missouri Geol. Survey, vol. 12, Pt. 2, 1898. 

*Bain, H. F., Geology of Appanoose County: Iowa Geol. Survey, vol. 5, 

pp. 374-409, 1896. . 

‘Bain, H. F , and Leonard, A. G., The Middle Coal Measures of the Western 

Interior field: Jour. Geology, vol. 6, pp. 577-588, 1898. 
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general term be adopted for the Western Interior region. They 

recognized, however, that ‘““Appanoose,”’ being coextensive with 

a coal bed, is more local than Henrietta, and as the latter term 

has been in general use in Missouri for some time it is adopted 

in this report. Another potent objection to the use of the term 

““Appanoose”’ is that it was originally defined to include a 

coal bed (Mystic-Lexington) now thought to le near the top of 

the Cherokee shale, as originally defined. 

Haworth later combined all beds between the Cherokee 

shale and the top of the ““Lower Coal Measures” (Des Moines 

group) in the ““Marmaton formation.’ ! Keyes had previously 

used the name Marmaton for the shale in the middle of the 

Henrietta (the Labette shale member of this report). While 

a grouping under one name of all the beds of the Des Moines 

group above the Cherokee shale may be useful in Kansas, it 

is hardly applicable to Missouri, where the Henrietta and the 

overlying Pleasanton formation are sharply distinguished litho- 

logically. 

MEMBERS OF THE HENRIETTA FORMATION. 

Fort Scott limestone member.—Swallow applied the name 

“Fort Scott coal series’? to a series of strata which included a 

bed called by him the Fort Scott limestone (upper bed of the Fort 

Scott limestone member as here recognized), and the name 

“Fort Scott marble series’’ to a succession of strata which in- 

cluded a bed called by him the Fort Scott marble. Ina geologic 

section through Fort Scott, Kans., to Nevada, Mo., by Hay, 

the name Fort Scott limestone* was used for the upper bed 

and ‘“‘Fort Scott cement limestone’? was used for the impure 

limestone next below it. Later Haworth and Kirk used “Os- 

wego’’‘ for both the upper and lower limestones and the included 

shale, but, as Prosser® had the year before applied that name 

to a Silurian formation in New York, the Kansas Survey later 

abandoned ‘‘Oswego”’ and substituted for it the old name 

1Haworth, E., Stratigraphy of the Kansas Coal Measures: Kansas Univ. 

Geol. Survey, vol. 3, p. 92, 1898. 

*Swallow, G. C., Preliminary report of Geological Survey of Kansas: pp. 

25-26, 1866. 

‘Hay, Robert, Natural gas in eastern Kansas: Kansas State Board Agric., 

Fifth Bienn. Rept., p. 204, 1887. 

‘Haworth, E., and Kirk, M. Z., The Neosho River section: Kansas Univ. 

Quart., vol. 2, pp. 105, 106, 107, 116, 1894. 

‘Prosser, C. S., The thickness of the Devonian and Silurian rocks of central 

New York: Geol. Soc. America Bull., vol. 4, pp. 100, 108, 116, 1893. 
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Fort Scott limestone.! The name as now used by the Kansas 

Survey and adopted in this report includes, therefore, the bed 

originally called Fort Scott limestone by Swallow, the next 

lower limestone (“cement rock’’), and the thin interval of shale, 

coal, and clay between them. 

Labette shale member.2—This member was named by Ha- 

worth in 1898 and the name has been in general use since. As 

shown above, Keyes in 1897 used the term ““Marmaton”’ for this 

member. The name ““Marmaton,” therefore, has priority over 

Labette, but the subsequent use of ““Marmaton” in a wider 

sense has led to the abandonment of that name and the adop- 

tion of Labette, which has been consistently applied in the 

literature to this member. The Labette and Pawnee members 

and the overlying Pleasanton formation were all included in 

the term “‘Laneville shales.” 3 

Pawnee limestone member.—Swallow first used this name in 

18664, applying the name “Pawnee limestone series” to a group 

of beds which included not only this member (called by Swallow, 

Pawnee limestone), but underlying beds as well. Swallow’s 

broad usage of the name did not gain currency and is long 

since obsolete, but the name has become firmly established 

in the literature in the restricted sense in which he used it and 

in which it is here employed. 

PLEASANTON FORMATION. 

DEFINITION. 

Some confusion has arisen in the use of the name Pleasanton. 

As first introduced in 1895 the term Pleasanton® was applied 

to all beds lying between the Pawnee limestone and the base 

of the Missouri group. These beds formed the upper part of 

the “Middle Coal Measures’ of early geologists, of the Des 

Moines “stage” of Keyes, and of the ‘““Marmaton formation” 

of Haworth. They were included in the ““Marais des Cygnes 

coal series’ of Swallow’s section, and are equivalent to the 

Haworth, E., and Bennett, John, General stratigraphy: Kansas Univ. Geol. 

Survey, vol. 9, pp. 81-82, 1908. 

*Haworth, E., Stratigraphy of the Kansas Coal Measures: Kansas Univ. 

Geol. Survey, vol. 3, pp. 36-37, 92, 94, 100, 1898. 

‘Haworth, E., and Kirk, M. Z., The Neosho River section: Kansas Univ. 

Quart., vol. 2, pp. 104-112, 1894. 

‘Swallow, G. C., Preliminary report of Geological Survey of Kansas: pp. 

9-28, 1866. 

‘Haworth, E., The stratigraphy of the Kansas Coal Measures: Kansas Univ. 

Quart., vol. 3, p. 274, 1895. 
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““Marais des Cygnes shales’! of Keyes. In 1894 Haworth and 

Kirk used the name “Laneville shales’’? to include the beds 

here called Pleasanton formation as well as the underlying Pawnee 

limestone and Labette shale, but the name “‘Laneville’’ was soon 

abandoned. In 1895 Hawarth divided the Pleasanton into an 

upper and a lower division, separated in part of the State by 

the Altamont limestone. In 1908, having found both the Alta- 

mont and the Coffeyville limestones of the Kansas Survey to 

be persistent, he restricted the name Pleasanton to the shales 

above the “‘Coffeyville”’ limestone, gave a new name to the shales 

below the “‘Coffeyville’ limestone, and accepted Adams’ name 

Bandera for the shales between the Altamont and the Pawnee. 

Soon after the original definition of the Pleasanton in 1895, 

however, the name was adopted for all Des Moines strata above 

the Henrietta formation in Missouri and above the ““Appanoose 

beds” in Iowa, and has been in constant use in those states 

since that time. This usage corresponds with the original 

definition of Pleasanton, since the upper member of the Hen- 

rietta is the Pawnee limestone, and is the definition adopted in 

this report. 

The variable and lenticular character of Pleasanton sedi- 

ments in Missouri and the absence of adequate stratigraphic 

markers makes it inadvisable to segragate any portion of them 

as members in the greater part of the State. Future detailed 

mapping, especially near the Kansas boundary, may, however, 

show the practicability of local differentiation. 

MISSOURI GROUP. 

Keyes proposed the name Missouri “‘stage’’* to correspond 

essentially with the non-geographic term ““Upper Coal Measures” 

and to include the beds typically developed in northwestern 

Missouri. Since that time its lower boundary has been more 

explicitly defined in many publications and the name has been 

in general use in Missouri and Iowa. In 1896 Keyes proposed 

that the term ‘‘Missourian”’ be used, and that it be considered 

co-ordinate with Mississippian series. The latter suggestion has 

i1Keyes, C. R., Formational synonymy of the coal measures of the Western 

basin: Iowa Acad. Sci. Proc., vol. 7, p. 84, 1900. 

*Haworth, E, and Kirk, M. Z., The Neosho River section: Kansas Univ. 

Quart., vol. 2, pp. 104-115, 1894. 

Keyes, C. R., The geological formations of Iowa: Iowa Geol. Survey, vol. 1, 

pp. 85-114, 1893. 

a ae 
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never been seriously considered, however, and the term Mis- 

souri group is here employed in order to conform with recog- 

nized usage in distinguishing the major divisions of a series. 

KANSAS CITY FORMATION. 

DEFINITION. 

The name Kansas City has been mentioned in other con- 

nections. In 1886 Broadhead}, in describing a limestone in 

Miami and Franklin counties, Kans., says it “very much re- 

sembles the Kansas City oolite, but is probably a different 

stratum higher in the series.” Gallaher, ? in 1898, applied the 

name Kansas City limestone to at least three limestones, through 

a series of miscorrelations. It is not believed, however, that these 

two instances, one a mere mention and the other an extremely 

indefinite application, can cause any confusion of the term Kansas 

City formation as here used. The name is derived from Kansas 

City, Mo., where the formation is typically exposed. It is sub- 

divided into the members listed in the table on page 7, and 

described below. 

MEMBERS OF THE KANSAS CITY FORMATION. 

Hertha limestone member. — Considerable confusion has 

existed in previous correlations of the five lower members of the 

Kansas City formation. Three limestones with separating shales 

have long been recognized at the base of the Missouri group in 

Kansas, Missouri and Iowa. In southeastern Kansas they were 

best known, perhaps, as the Bethany Falls or Hertha, the Mound 

Valley, and the Dennis limestones. In Missouri only the middle 

one, the Bethany Falls, has received a name. In Iowa, the 

names Fragmental, Earlham, and Winterset were applied. 

The Kansas Geological Survey made the correlation in the 

western part of Kansas City, where the Hertha is below drainage 

and the Bethany Falls and Winterset outcrop, the latter member 

containing a shale parting. The Iowa Survey carried its in- 

vestigations south to Bethany, where a similar condition prevails, 

the Hertha being below drainage and the thick Winterset lime- 

stone at that time seemingly exposed as two beds. 

Mr. Greene’s conception of the equivalence of the terms 

‘Broadhead, G. G., Carboniferous rocks of eastern Kansas: St. Louis Acad. 

Sci. Trans., vol. 4, p. 483, 1886. 

2Gallaher, J. A., Bienn. Rept. State Geologist: Missouri Bureau of Geology 

and Mines, p. 51 et seq., 1898, 
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used in the present and former publications is shown in the 

following table: 

CORRELATION OF THE FIVE LOWER MEMBERS OF THE KANSAS 

CITY FORMATION. 

Kansas Survey?) KansasSurvey) U. S., Mis-| Iowa Survey? | lowa Survey 

(southeastern (Kansas City, | souri, and | (Bethany, | (in general). 

Kansas). } Mo.) Iowa Geol. Mo.) | 

Surveys 4 

(names re- 

cently adopt- 

ed.) 

Dennis lime- Dennis lime- Winterset | Limestone " Winterset 

stone stone limestone Unexposed limestone 

Galesburg | Limestone | 

shale | 

Mound Valley 

| limestone 

Galesburg | Ladore shale Galesburg 6- to 8-foot | Unnamed 

shale | shale interval | shale 

Mound Valley | Bethany Bethany Bethany | Earlham 

limestone Falls Falls Falls | limestone 

| limestone limestone limestone 

(Fragmental) | 

Ladore shale | Not Ladore shale Not Unnamed 

mentioned exposed. shale 

Bethany 

Falls Not Hertha Not Fragmental 

limestone mentioned limestone exposed limestone 

4Since the publication of volume 9 of the Kansas Survey Reports, Dr. Haworth 

has written to David White, Chief Geologist of the U. S. Geol. Survey, that recent 

field work has demonstrated the equivalence of the ‘‘Bethany Falls,’’ ‘‘Mound 

Valley,’’ and ‘‘Dennis”’ limestones of southeastern Kansas with the Hertha, Bethany 

Falls, and Winterset, respectively, as here defined, and has adopted the above 

nomenclature, except that Dennis is used instead of Winterset. 

bThe Iowa Survey, as explained on page 25, has reconsidered the section at 

Bethany, and as a result will use the names here adopted. 

Adams proposed the name Hertha,! derived from Hertha, 

Kans., for the lowest of the three limestones which mark the base 

of the Missouri group. The three limestones collectively were 

formerly known in Kansas as the “Erie, or Triple system,” 

and as the ‘Bronson limestone.’ In 1898 Haworth? supposed the 

1Adams, G. I., Stratigraphy and paleontology of the Upper Carboniferous 

rocks of the Kansas section: U.S. Geol. Survey Bull. 211, p. 35, 1903. 

‘Haworth, E., Stratigraphy of the Kansas Coal Measures: Kansas Univ. 

Geol. Survey, vol. 3, pp. 45-46, 1898. 
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Hertha limestone in southeastern Kansas to be the equivalent 

of the Bethany Falls, and so termed it. Later work, however, 

has shown the Hertha to be the limestone below the true Bethany 

Falls limestone (Broadhead’s number 74), and accordingly the 

name Hertha becomes applicable to the lowest member of the 

Missouri group in Kansas. The so-called Bethany Falls lime- 

stone or Hertha of southeastern Kansas has been traced by 

Bennett to “Rock Mound” near Hume, Mo. (sec. 5, T. 38 N., 

R. 33 W.), where Broadhead identified it with his number 74. 

Concerning this, Broadhead! says “The farthest point south 

where limestones of this horizon (“Upper Coal Measures’’) have 

been recognized was in the top of a mound (Tp. 38 N., R. 

XXXIII W., Sec. 5). This rock may be referred to number 74 

of the general section.” 

In Iowa a somewhat similar correlation was made by Bain. ? 

Three limestones at the base of the Missouri group were noted 

and the lowest, the ““Fragmental,’ was correlated with the 

Bethany Falls. Field work by Prof. J. L. Tilton, of the Iowa 

Geological Survey, and Mr. Greene in 1912, however, showed 

the ““Fragmental’ limestone to be the Hertha, instead of the 

Bethany Falls limestone. This correlation has been adopted 

by the Iowa survey. ? 

Ladore shale member.—The name Ladore‘, from Ladore, 

Kans., was first used by Adams to designate the shale between 

the Hertha and “Mound Valley’ limestones. As. has been 

shown, the latter is the true Bethany Falls limestone and, accord- 

ingly, the name Ladore is here used for the shale between the 

Hertha and Bethany Falls limestones. Its correlation has 

already been discussed. This member was originally named the 

“Mound Valley shale,’ but as “Mound Valley’? was at the 

same time applied to the limestone above, and has long since 

been replaced by Ladore for the shale, the adoption of the latter 

well-established name is believed to be preferable to the revival 

of the original name “Mound Valley.” 

Bethany Falls limestone member.*—Broadhead first used 

1Broadhead, G. C., The Coal Measures of Missouri: Missouri Geol. Survey, 

vol. 8, p. 371, 1895. 

*Bain, H. F., Geology of Decatur County: Iowa Geol. Survey, vol. 8, pp. 

258-309, 1898. 

*Tilton, J. L., The proper use of the geological name, ‘‘Bethany’’: Iowa 

Acad. Sci. Proc., vol. 20, pp. 207-211, 1914. 

‘Adams, G. I., Economic geology of the Iola quadrangle, Kansas: U.S. Geol. 

Survey Bull. 238, Pl. 1, 1904. 

‘Broadhead, G. C., Coal Measures in Missouri: St. Louis Acad. Sci. Trans., 

vol. 2, p. 320, 1868 (read May 5, 1862, first issued July 27, 1865). 
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this name in 1862 for the limestone forming the falls of Big 

Creek at Bethany, Mo. It has been in use in the publications 

of the Missouri Geological Survey since that time, but the name 

was neglected in Kansas and Iowa for many years. It corre- 

sponds to the “Mound Valley” limestone of southeastern Kansas 

and the ‘‘Earlham’”’ limestone of Iowa. The shortened term 

Bethany has been used rather extensively by Iowa geologists 

to include a number of associated beds of limestone at the base 

of the Missouri group, a misuse of Broadhead’s original name. 

The name is here adopted with its original significance. 

Galesburg shale member.'\—This member was named by 

Adams from Galesburg, Kans. Its correlation has already been 

discussed. No other name is known to have been applied to 

this member. 

Winterset limestone member.—The name Winterset 2 was given 

by Tilton and Bain to a limestone at Winterset, Iowa, which 

corresponds to that above the Bethany Falls limestone in 

Missouri and with the ‘“‘Dennis’ in southeastern Kansas. It 

has been stated by Keyes’ that the term Winterset was used by 

White to refer to a group of limestone beds. White frequently 

used the expression “‘No. of the Winterset section,” but it 

is not believed that he intended to use Winterset as a geologic 

name. 

Subsequent to the application of the name of Winterset, 

the name ‘Dennis’ 4 was proposed by Adams for this limestone 

from outcrops at Dennis, Kans., but the use of Winterset ante- 

dates that of ‘““Dennis,’’ and the former term is here adopted. 

Cherryvale shale member.*—The shale next above the Winter- 

set limestone was named from Cherryvale, Kans. So far as 

known, no other name has ever been applied to this member. 

Drum limestone member.’—This name was first used by 

Adams. It was taken from Drum Creek, Kans., applying to a 

single limestone at that place. It was introduced to replace 

the name “Independence,” which was preoccupied by a De- 

‘Adams, G. I., Stratigraphy and paleontology of the Upper Carboniferous 

rocks of eastern Kansas: U.S. Geol. Survey Bull. 211, p. 18, 1903. 

?Tilton, J. L., and Bain, H. F., Geology of Madison County: Iowa Geol. 

Survey, vol. 7, pp. 517-519, 1897. 

*Keyes, C. R., The Bethany limestone of the Western Interior Coal field: 

Am. Jour. Sci., 4th ser., vol. 2, pp. 224-225, 1896. 

‘Adams, G. I., Stratigraphy and paleontology of the Upper Carboniferous 

rocks of eastern Kansas: U.S. Geol. Survey Bull. 211, p. 36, 1903. 

‘Haworth, E., Stratigraphy of the Kansas Coal Measures: Kansas Univ. 

Geol. Survey, vol. 3, p. 483, 1896. 

‘Adams, G. I., op. cit., p. 37. 
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vonian shale in Jowa. Schrader later used the name Drum! 

for a formation consisting of one to three or more members. 

According to the present correlation there are between the 

Winterset (“Dennis’’) and Iola limestones, in southeastern 

Kansas, the Cherryvale shale, Drum limestone, and Chanute 

shale members. Little or no doubt has been expressed as to _ 

the correlation of the two shale members, but there is some ques- 

tion as to what part of the section at Kansas City is equivalent 

to the Drum limestone. To quote from Haworth and Bennett, ? 

it “probably is the equivalent of one of the limestones in the 

bluffs at Kansas City. Doctor Beede says that ‘faunally it agrees 

with the Oolite of Kansas City.’’’ For this reason Broadhead’s 

numbers 87a-b are herein correlated with the Drum, and the two 

next higher limestones, his numbers 90 and 96, are classed as 

beds in the Chanute shale member, though the whole section, 

numbers 87 to 96, inclusive, may prove to be the Drum of south- 

eastern Kansas. 

The DeKalb (“Fusulina’’) limestone of the Iowa Survey, 

which is the first limestone above the Winterset, may possibly 

prove to be the same as the Drum, as it agrees faunally and litho- 

logically with that member in northern Missouri. 

Chanute shale member—The name Chanute? was given to 

this shale from exposures near Chanute, Kans. In volume 9 of 

the Kansas Survey reports the Chanute shale is correlated 

in one place with the beds between Broadhead’s numbers 87a 

and 98 at Kansas City, but in another place a tentative corre- 

lation with Broadhead’s number 97 is made and the thickness 

of the Chanute shale at Kansas City is given as 25 feet, which is 

the thickness of Broadhead’s number 97 alone. 

For the reasons stated under the description of the Drum 

limestone, there is some doubt as to the lower limits of the 

Chanute, but for the present it is made to include all the beds 

of shale and limestone between Broadhead’s numbers 88 and 97, 

inclusive. Two thin but fairly persistent beds of limestone in 

the Chanute shale are here named the Cement City limestone bed 

and the Raytown limestone bed, the names being taken from 

localities in Jackson County, Mo. The lower, the Cement City, 

is possibly the same as the Westerville limestone of Iowa, but 

Schrader, F. C., U. S. Geol. Survey Geol. Atlas, Independence folio (No. 

159), p. 2, 1905. 

*Haworth, E., and Bennett, John, General stratigraphy: Kansas Univ. 

Geol. Survey, vol. 9, p. 96, 1908. 

"Haworth, E., and Kirk, M. Z., The Neosho River section: Kansas Univ. 

Quart., vol. 2, p. 109, 1894. 
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the correlation cannot be definitely made. It is believed to be 

the Parkville limestone of Gallaher. There is also a possibility 

that the upper or Raytown bed may be the equivalent of the 

“Earlton limestone’! of Adams. For the Chanute shale as a 

whole the name “‘Thayer”’ has also been used, but Chanute has 

priority over “‘Thayer’’ and is therefore herein adopted. 

Iola limestone member.—The Iola? was named from ex- 

posures at Iola, Kans. It has been correlated by the Kansas 

Survey with Broadhead’s number 98 at Kansas City, where it 

is one of the most prominent beds. No other name is known 

to have been applied to this member except through miscorrela- 

tion. It is the uppermost member of the Kansas City forma- 

tion. 

LANSING FORMATION. 

DEFINITION. 

The name Lansing is derived from Lansing, Kans., in which 

locality many quarries, shale pits, and natural outcrops present 

fine exposures of all its members. The rocks comprise the upper 

part of the Pottawatomie formation of Kansas geologists (the 

lower part of the Pottawatomie being represented by the Kansas 

City formation of this report), and collectively form a natural 

map unit, which is faunally distinct from the underlying Kansas 

City formation. 

MEMBERS OF THE LANSING FORMATION. 

Lane shale member.*—The bed of shale and sandstone above 

the Iola limestone, was named from Lane, Kansas. Adams gave 

the name ‘“‘Concreto” to this shale, and Keyes used the name 

“Parkville” 4 for it, but the name Lane has priority over both 

of these names. Near the middle of the member is an are- 

naceous and ferruginous limestone (Broadhead’s number 100) 

varying from less than one foot to ten feet in thickness. This 

limestone is believed to be the equivalent of the limestone 

40 feet above the Iola limestone in Kansas to which the name 

“Carlyle limestone’? has been applied, but the Kansas Survey 

has correlated the limestone at Carlyle with the overlying 

1Adams, G. I., Physiography of southeastern Kansas: Kansas Univ. Quart., 

vol. 7, p. 96, 1898. 

‘Haworth, E., and Kirk, M. Z., The Neosho River section: Kansas Univ. 

Quart., vol. 2, p. 109, 1894. 

‘Haworth, E., The stratigraphy of the Kansas Coal Measures: Kansas Univ. 

Quart., vol. 3, p. 277, 1895. 

‘Keyes, C. R., The Missourian series of the Carboniferous: Am. Geologist, 

vol. 23, p. 305, 1899. 
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Plattsburg (“Allen’’) limestone, and for this reason Broadhead’s 

number 100 should probably be considered a bed in the Lane shale. 

It is here proposed to name Broadhead’s number 100 the Farley 

limestone bed from exposures near Farley, Platte County, 

Mo. 

Plattsburg limestone member.——The name Plattsburg! was 

given to this limestone by Broadhead in 1862, from the place 

of that name in Clinton County, Mo. The Plattsburg is the 

lower of two closely associated beds of limestone. In 1865 

Swallow? described two beds of limestone in Miami County, 

Kans., the upper of which has since been correlated with the 

upper bed of the “Garnett”? limestone of the Kansas Survey. 

He gave the name “Cave rock” to the lower and Stanton to the 

upper. Broadhead’s name Plattsburg has priority over any 

other geographic name given the lower bed, and Stanton must 

. be used for the upper limestone if the rules of priority are to 

be observed. i 

Bennett* correlates the Plattsburg (Broadhead’s number 

108) and Broadhead’s number 112, as exposed near Leavenworth, 

Kans., directly with the lower and upper beds of the “Garnett” 

limestone. Haworth also states that the ““Garnett’’ lmestone 

extends to Plattsburg, Mo., and beyond. Several other names 

have been applied to the two limestones, but it is believed that 

the two here used have priority over any others. 

Vilas shale member.—The shale between the Plattsburg 

and the Stanton limestone was named the Vilas‘ from the town 

of that name in Kansas. The name has been applied to various 

beds of shale, but it is used here in the same sense as in folio 

159 of the U. S. Geol. Survey and volume 9 of the reports of the 

Kansas Survey. 

Stanton limestone member.—The name Stanton® was given 

by Swallow to this limestone at Stanton, Kans. As before men- 

tioned, Bennett has correlated Broadhead’s number 112 with the 

upper bed of “‘Garnett’’ limestone of the Kansas Survey, which 

‘Broadhead, G. C., Coal Measures in Missouri: St. Louis Acad. Sci. Trans., 

vol. 2, pp. 317-327, 1868 (read May 5, 1862, first issued July 27, 1865). 

2Swallow, G. C., Geological report of Miami County, Kansas: Kansas Geol. 

Survey, p. 71-94, 1866 (also issued separately in 1865). 

*Bennett, John, A geologic section from Baxter Springs to the Nebraska 

State line: Kansas Univ. Geol. Survey, vol. 1, p. 71, 1896. 

‘Haworth, E., and Adams, G. I., Stratigraphy of the Kansas Coal Measures: 

Kansas Univ. Geol. Survey, vol. 3, p. 51, 1898. 

‘Swallow, G. C., Geological report of Miami County, Kansas: Kansas Geol. 

Survey, p. 75, 1866. 
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would make it the equivalent of the ‘Piqua’ limestone! of 

Adams. 
DOUGLAS FORMATION. 

DEFINITION. 

The name of this formation was proposed by Haworth? 

in 1898 from exposures in Douglas County, Kans., the second 

county west of Missouri on the south side of Kansas River. 

Many fine outcrops of the formation occur in that county 

and practically the whole formation can be seen on or near 

Mount Oread at Lawrence, Kans., where the State University 

is situated. 

MEMBERS OF THE DOUGLAS FORMATION. 

Weston shale member.*—Keyes named this shale from ex- 

posures at Weston, Platte County, Mo. It has been included in 

the “‘Le Roy” shale and the so-called Lawrence shale (broad 

sense) in a number of papers. Haworth and Bennett also 

used the term “Le Roy’’‘ for this member, but the name “Le 

Roy’’® was originally applied to the entire interval between the 

Stanton and Oread limestones in a report on reconnaisance 

work. However, the term Weston, given by Keyes, has priority 

for the shale between the Stanton and Jatan limestones. 

Tatan limestone member.*’—Like the Weston shale below, 

this limestone was named by Keyes in 1899, the type locality 

being at Iatan, Platte County, a few miles above Weston. 

The name Ottawa has been applied to a limestone in Kansas 

that may be its equivalent, but this correlation is not yet 

definitely established, and in any event the name Ottawa is 

preoccupied in another sense in the geology of Canada. Haworth 

and Bennett,’ in 1908, proposed the name “Kickapoo”’ for this 

member, taking the name from a village in Kansas just across 

Missouri River from Iatan, Mo., but that name has no standing 

in view of the prior use of Iatan for the member. 

1Adams, G. I., Economic geology of the Iola quadrangle, Kansas: U. 5S. 

Geol. Survey Bull. 238, p. 20, 1904. 

*Haworth, E., Stratigraphy of the Kansas Coal Measures: Kansas Univ. 

Geol. Survey, vol. 3, pp. 93, 94, 1898. 

*Keyes, C. R., The Missourian serfes of the Carboniferous: Am. Geologist, 

vol. 23, pp. 298-316, 1899. 

‘Haworth, E., and Bennett, John, General stratigraphy: Kansas Univ. Geol. 

Survey, vol. 9, p. 105, 1908. 

‘Haworth, E., and Kirk, M. Z., The Neosho River section: Kansas Univ. 

Quart., vol. 2, p. 110, 1894. 

‘Keyes, C. R., Op. cit. 

‘Haworth, E., and Bennett, John, General stratigraphy: Kansas Univ. Geol. 

Survey, vol. 9, p. 106, 1908. 
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Lawrence shale member.'—This shale takes its name from 

Lawrence, Kans. As originally defined, it occupies the interval 

between the Oread and Ottawa limestones. ‘The latter is con- 

sidered by Schrader? to be next above the Stanton (“‘Garnett’’) 

limestone, a view that appears to make the Ottawa equivalent 

to the Iatan (“Kickapoo’’) limestone. The original use of the 

name Lawrence, therefore, is the same as that used in the 

present report and in volume 9 of the Kansas Survey. As 

mentioned under. the discussion of the name Weston, the 

Lawrence-Weston interval was originally included in the “‘Le 

Roy” shale, and in several papers published since the original 

definition of the term Lawrence that name has been extended 

to cover the entire interval between the Stanton and the Oread. 

Keyes later used the name ““Andrew’’? for the Lawrence shale. 

A few other names have been applied to the interval. 

The Lawrence shale in places in Missouri and Kansas contains 

a limestone bed for which the name Amazonia limestone bed is 

here proposed. ‘This limestone was confused with the Iatan by 

Broadhead and also by Haworth and Bennett,‘ who thought it 

was the “Kickapoo” (Jatan) in Doniphan County, Kans. 

Oread limestone member.—The Oread limestone*® was named 

from outcrops on Mount Oread at Lawrence, Kans. The 

limestone which outcrops on Missouri River near Plattsmouth, 

Neb., to which the name “‘Plattsmouth’’® was given by Keyes, 

is believed to be the Oread limestone. 

SHAWNEE FORMATION. 

DEFINITION. ~ 

The name Shawnee,” derived from the Kansas county of 

that name, was first used by Haworth in 1898. As here used, 

it contains the same members as in the latest revision of Haworth 

and Bennett’; that is, Kanwaka shale to Scranton shale, in- 

iHaworth, E., and Kirk, M. Z., The Neosho River section: Kansas Univ. 

Quart., vol. 2, p. 110, 1894. 

2Unpublished correlation table. 

*Keyes, C. R., The Missourian series of the Carboniferous: Am. Geologist, 

vol. 23, pp. 298-316, 1899. 

‘Haworth, E., and Bennett, John, General stratigraphy: Kansas Univ. Geol. 

Survey, vol. 9, p. 105, 1908. 

‘Haworth, E., The stratigraphy of the Kansas Coal Measures: Kansas Univ. 

Quart., vol. 2, pp. 123-124, 1894. 
‘Keyes, C. R., The Missourian series of the Carboniferous: Am. Geologist, 

vol. 23, p. 306, 1899. 

™Haworth, E., Stratigraphy of the Kansas Coal Measures: Kansas Univ. 

Geol. Survey, vol. 3, pp. 93-94, 1898. 

‘Haworth, E., and Bennett, John: General stratigraphy, Kansas Univ. Geol. 

Survey, vol. 9, p. 76, 1908. 
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clusive. The upper limit of the formation was formerly drawn 

at a lower horizon, as shown by Prosser’s definition of the 

base of the Wabaunsee!, the next formation above. 

MEMBERS OF THE SHAWNEE FORMATION. 

Kanwaka shale member.?—The basal member of the Shawnee 

formation takes its name from Kanwaka, Kans., and was first 

applied by Adams. Haworth used the name ““Lecompton”’ for 

this member, but Bennett had already given. that name to the 

overlying limestone.. 

This member, with the Lecompton limestone and Tecumseh 

shale, represents the Platte* shale of Keyes, named from out- 

crops in Platte County, Mo. 

Lecompton limestone member.—Above the Kanwaka shale is 

the Lecompton limestone,4 named from exposures near Le- 

compton, Kans. The name Lecompton has been in general 

use since the first application. 

Tecumseh shale member.*—This shale takes its name from 

Tecumseh, Kans. No other name is known to have been applied 

to this member. Broadhead’s section, numbers 171 to 179, is 

a duplication, so that numbers 170, 180, and 181 represent the 

Tecumseh shale. 

Deer Creek limestone member.*—The name of this limestone 

was taken from Deer Creek, east of Topeka, Kans. Haworth 

and Kirk previously used the name “Strawn”? for this lime- 

stone, but that name has been dropped by the Kansas Survey, 

as it had already been used for a Carboniferous formation in 

Texas by Cummins. Later the names “Calhoun,” § “Nodaway’’° 

and ‘‘Forbes’’!° were also used for this member. 

1Prosser, C. S., The classification of the Upper Paleozoic rocks of central 

Kansas: Jour. Geology, vol. 3, pp. 682-705 and 764-800, 1895. 

Adams, G. I., Stratigraphy and paleontology of the Upper Carboniferous 

rocks of eastern Kansas: U.S. Geol. Survey, Bull. 211, p. 45, 1903. 

‘Keyes, C. R., The Missourian series of the Carboniferous: Am. Geologist, 

vol. 23, p. 308, 1899. 

‘Bennett, John, A geologic section from Baxter Springs to the Nebraska 

State line: Kansas Univ. Geol. Survey, vol. 1, p. 116, 1896. 

‘Beede, J. W., The stratigraphy of Shawnee County, Kansas: Kansas Acad. 

Sci. Trans., vol. 15, pp. 27-34, 1898. 

‘Bennett, John, A geologic section from Baxter Springs to the Nebraska 

State line: Kansas Univ. Geol. Survey, vol. 1, p. 117, 1896. 

tHaworth, E , and Kirk, M. Z., Kansas Univ. Quart., vol. 2, pp. 104-112, 1894. 

*Beede, J. W., The stratigraphy of Shawnee County, Kansas: Kansas Acad. 

Sci. Trans., vol. 15, pp. 28-29, 1898. : 
‘Gallaher, J. A., Bienn. Rept. State Geologist: Missouri Bureau of Geology 

and Mines, p. 53, 1898. 

wkKeyes, C. R., The Missourian series of the Carboniferous: Am. Geologist, 

vol. 23. p. 53, 1899. 
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Calhoun shale member.'—This shale was named from out- 

crops near Calhoun, Kans. In Iowa it thins, and, with the 

overlying Topeka limestone, was called the Braddyville lime- 

stone? by Smith. 

Topeka limestone member.—The Topeka limestone*® was 

named from Topeka, Kans., where it is extensively quarried. 

It is the equivalent of the ““Hartford” limestone. 4 

Severy shale member.—The name Severy® was derived from 

Severy, Kans., which is built on this shale. It contains the 

Nodaway or Quitman coal, which is to be correlated with the 

coal mined in Osage County, Kans., and that near Topeka, 

Kans. (Osage-Topeka coal seam). 

Howard limestone member.—Above the Nodaway coal, and 

forming its cap-rock, is the Howard limestone, named from 

Howard, Kans., and first used by Haworth in 1898. Gallaher 

the same year applied the name “Quitman’’® to this member, 

from outcrops at Quitman, Nodaway County, Mo., but the 

Kansas name is here adopted as the term “Quitman” had 

already been used for Cretaceous rocks in Texas. 

Scranton shale member.—The Scranton shale’ takes its name 

from Scranton, Kans. Haworth says “Haworth, Hall and 

Adams called them the Burlingame shales and other names, 

but the name Burlingame was given to limestone above the 

shales at the same time.” In view of this fact the name Scranton 

is here used. Smith later applied the name City Bluffs shale’ 

to an interval in Iowa which includes the equivalent of the 

Scranton shale, the Howard limestone, and part of the Severy 

shale. 

1Beede, J. W., The stratigraphy of Shawnee County, Kansas: Kansas Acad. 

Sci. Trans., vol. 15, p. 29, 1896. 

2Smith, G. L., Carboniferous section of southwestern Iowa: Iowa Geol. 

Survey, vol. 19, pp. 605-657, 1909. 

‘Bennett, John, A geologic section from Baxter Springs to the Nebraska 

State line: Kansas Univ. Geol. Survey, vol. 1, pp. 116-117, 1896. 

‘Kirk, M. Z., A geologic section along the Neosho and Cottonwood rivers: 

Kansas Univ. Geol. Survey, vol. 1, p. 80, 1896. 

‘Haworth, E., Stratigraphy of the Kansas Coal Measures (Doctor Adams’ 

field work): Kansas Univ. Geol. Survey, vol. 3, p. 67, 1898. 

‘Gallaher, J. A., Bienn. Rept. State Geologist: Missouri Bureau of Geology 

and Mines, p. 54, 1898. 

THaworth, E., and Bennett, John, General stratigraphy: Kansas Univ. Geol. 

Survey, vol. 9, p. 112, 1908. 

‘Smith, G. L., Carboniferous section of southwestern Iowa: Iowa Geol. Survey, 

vol. 19, pp. 605-657, 1909. 
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WABAUNSEE FORMATION. 

DEFINITION. 

Wabaunsee, ! like Shawnee, is a term derived from a Kansas 

county. The formation was first described by Prosser. He 

says “I have considered the base of this formation as defined 

by the top of the Osage coal horizon.” This paper dealt with 

the section near Topeka, Kans., where, at that time, the Osage 

coal was supposed to be represented by a bed (the Silver Lake) 

above the Topeka coal. Later Beede? found the Osage coal 

to be the equivalent of the Topeka bed. The limestone over the 

Silver Lake (Elmo) coal was found to be lenticular and Prosser? 

re-defined the base of the Wabaunsee as at the bottom of the 

next limestone above, that is, the Burlingame (believed to be the 

same as the Tarkio of the present report). The later Kansas 

reports use the name Wabaunsee in this sense, which is the 

definition herein adopted. In 1899 Keyes proposed to revive 

the name “‘Atchison’’‘ for the beds exposed in Atchison County, 

Mo., on the supposition that Broadhead had intended to use it 

as a geologic name. It is not believed, however, that Broadhead 

intended any such use of the term. Broadhead made a section 

of the rocks of Atchison County, but was unable to make the 

connection between it and the remainder of his section, and so 

published the two separately. 

SUBDIVISIONS. 

Tarkio limestone member.—Several names have been applied 

to this member. Through a miscorrelation it was called the 

Stanton by Swallow, who supposed it to be the limestone exposed 

at that place. Kirk named it the “Wyckoff,” *® but that name 

had already been applied to an Ordovician limestone in Minne- 

sota. The name Burlingame has been frequently used for what 

is believed to be this member. In 1901 Calvin named this lime- 
stone the Tarkio limestone, § from outcrops on Tarkio River, Page 

1Prosser, C. S., The classification of the Upper Paleozoic rocks of central 

Kansas: Jour. Geology, vol. 3, pp. 682-705 and 764-800, 1895. 

*Beede, J. W., The stratigraphy of Shawnee County, Kansas: Kansas Acad. 

Sci. Trans., vol. 15, p. 29, 1898. 

*Prosser, C. S., Revised classification of the Upper Paleozoic formations of 

Kansas: Jour. Geology, vol. 10, pp. 703-737, 1902. 

‘Keyes, C. R., The Missourian series of the Carboniferous: Am Geologist, 

vol. 23, pp. 298-316, 1899. 

‘Kirk, M. Z., The Neosho River section: Kansas Univ. Quart., vol. 2, Pl. 

III, 1894. 

‘Calvin, Samuel, Geology of Page County: Idwa Geol. Survey, vol. 11, pp. 

397-460, 1901. 
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County, Iowa. Adams subsequently (in 1903) proposed “Bar- 

clay.”"! Although Mr. Greene has little doubt that the Tarkio 

limestone will prove to be the same as the Burlingame, in the 

absence of definite correlation with the Burlingame at the type 

locality, the name Tarkio is here used. 

Undifferentiated beds——In southern and central Kansas the 

section above the Burlingame limestone has been studied and 

the members have been named, but between these localities 

and Missouri River the region is covered by drift and the mem- 

bers have never been traced. ‘The section in Missouri corre- 

sponds to the Willard shale, or possibly to the Willard shale, 

Emporia limestone, and Admire shale of the Kansas Survey 

but no correlation can be made at this time. In Iowa the name 

McKissicks Grove shale has been applied to all of the Pennsy]l- 

vanian above the Tarkio limestone. An Jowa coal seam in this 

portion of the section has been called the Nyman, a name here 

used. 

1Adams, G. I., Stratigraphy and paleontology of the upper Carboniferous 

rocks of eastern Kansas: U.S. Geol. Survey Bull. 211, p. 51, 1903. 



CHAPTER II. 

DES MOINES GROUP. 

GENERAL FEATURES. 

The Des Moines group was originally separated from the 

upper part of the Pennsylvanian series on the supposition that 

it was formed in shallower and more disturbed waters. Al- 

though, as intimated in Chapter I, this supposition is not wholly 

correct, the grouping is retained for purposes of convenience of 

treatment, as it includes deposits of far more economic im- 

portance than those in the Missouri group. The most important 

economic deposits are in the lower formation of the group, the 

Cherokee shale, and consist of coal, shales, and clays used for 

fire-brick, pottery, common brick, tile, and other ceramic prod- 

ucts, sandstone and other building stones, and a little zinc from 

the pocket outliers. Judged by analogy with the Kansas fields, 

from its composition, and from the rather meager results of 

drilling in Missouri, it is probable that any gas and oil accumula- 

tions that may exist in the State also lie in this formation. 

The stratigraphy of the Des Moines group has recently 

been described in detail for every county in which it outcrops. 

It is intended to elaborate in this chapter a few points of strati- 

graphic interest and to give only a bird’s-eye view of the general 

features of the group. 

AREAL DISTRIBUTION. 

The Des Moines group outcrops in a broad zone from a short 

distance north of the southwest corner of the State northeast- 

wardly to the northeast corner, with a tongue occupying the divide 

in Audrain and adjacent counties and numerous outliers east 

and southeast of the main body. The area of this surface dis- 

tribution of outcrop is about 16,000 square miles. Northwest 

of this outcrop zone, the Des Moines dips northwest under the 

Missouri group to beyond the State boundaries, and the area 

‘Hinds, Henry, Coal deposits of Missouri: Missouri Bureau of Geology and 

Mines, vol. 11, 2d series, 1912. 
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within the State underlain by the group in this condition is 

about 8,000 square miles. 

LITHOLOGIC CHARACTER. 

The group is composed of shale, sandstone, limestone, 

clay, and coal, named in the order of abundance. In a few 

places the amount of sandstone equals that of shale and in 

parts of certain formations limestone is preponderant, but in 

general shale constitutes at least half of all the strata. The 

varieties and general characteristics of the constituents do not 

differ from those of the Pennsylvanian series as a whole, except, 

perhaps, that the limestones are more impure and not so crys- 

talline as those of the Missouri group. The lithology will be 

discussed in greater detail in connection with the stratigraphy 

of the different formations. 

THICKNESS. 

Variations in the thickness of the Des Moines group depend 

largely upon changes in that of the Cherokee shale. ‘The original 

thickness of the group in different parts of the zone of outcrop 

may be roughly estimated by combining the thicknesses of the 

three component formations at their nearest full outcrop. Direct 

and complete measurements have been determined in a few 

places in and near the zone of Missouri group outcrop, where 

drilling has been carried as far down as the Mississippian, and 

are: (1) Bedford, Iowa, 725 feet; (2) Cainesville, Harrison 

County, 864 feet; (3) Berlin, Gentry County, 882 feet; (4) 
Trenton, Grundy County, 585 feet; (5) Forest City, Holt County, 

895 feet; (6) Saxton, Buchanan County, 756 feet; (7) Atchison, 

Kans., 813 feet; (8) Randolph, Clay County, 714 feet; (9) 

Kansas City, 669 feet. 

SUBDIVISIONS. 

The Des Moines group has been separated into three 

formations on lithologic grounds. These are the Pleasanton 

formation at the top, the Henrietta formation in the middle and 

the Cherokee shale at the base. The basis for the separation 

is primarily the greater proportion of limestone in the Henrietta 

and the more regular and persistent character of its individual 

beds, but the classification can not be said to be a particularly 

fortunate one. The Pleasanton was an epoch of irregular, near- 

shore, non-calcareous deposition, except near the Kansas line, 

and its sediments are a fairly good lithologic unit. ‘Where 
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there are one or two limestone beds near its base, however, as 

near the Kansas and Iowa boundaries, it is sometimes difficult 

to determine its lower limit. The Henrietta consists of the 

Pawnee and Fort Scott limestones and the intervening Labette 

shale, and contains, in general, a greater proportion of limestone 

than the other two formations. The upper part of the Cherokee, 

however, was deposited under as uniform conditions as any part 

of the Henrietta, and, in a few districts, is fully as calcareous. 

On practical grounds it may be objected that the Henrietta 

of central Missouri is too thin to be a useful cartographic unit. 

CHEROKEE SHALE. 

AREAL DISTRIBUTION. 

The lowest formation of the Pennsylvanian series is the 

most important economically and outcrops in the largest ter- 

ritory. It forms the surface or is subjacent to the drift in a 

broad belt from Kansas northeast through Barton and Vernon 

counties to Iowa. One tongue projects eastward along the 

north line of the State through Scotland and Clark counties 

nearly to Mississippi River and another occupies the Mississippi- 

Missouri divide in Audrain, Boone, Callaway, Ralls, and Mont- 

gomery counties. There are outliers east and south of the 

main body for a considerable distance and it may be that the 

small pockets of Pennsylvanian materials found high on the 

Ozark Plateau are of Cherokee age. In north-central and 

northwestern Missouri the formation is concealed by younger 

Pennsylvanian rocks, but is shown by drill records to retain the 

characters of the zone of outcrop in all except possibly the ex- 

treme northwestern corner of the State. 

LITHOLOGIC CHARACTER. 

By far the greater part of the formation consists of shale, 

although there is a considerable quantity of sandstone in the 

lower part of the Cherokee of western Missouri and thinner 

beds interstratified with higher strata in all localities. There 

is a small area in Callaway and neighboring counties where 

limestone and clay are the main constituents, shale playing an 

unimportant role. In Johnson, Henry and Bates counties there 

are also exceptionally thick limestone beds, and thinner layers 

may be found in the upper part of the Cherokee in all counties 

except Barton and part of Vernon. Coal beds are scattered 

through all of the formation, but form a very small proportion 
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of the total sediments. Both the limestones and the coals, 

however, are of much greater stratigraphic significance than 

their bulk seems to warrant, for they preserve their individual 

peculiarities over large areas and are markers by which may be 

fixed the position of the other beds in the stratigraphic column. 

The Cherokee shale and the Mississippian beds were laid 

down under conditions of: sedimentation that were evidently 

quite different, so that there is a corresponding difference in the 

rocks formed and little difficulty in distinguishing one from the 

other. Unlike the Cherokee, the Mississippian contains great 

beds of massive limestone with little shale, sandstone, or clay, 

and no coal. Moreover, the limestones of the Cherokee are in 

general separated from those of the Mississippian by several 

hundred feet of non-calcareous beds and are much more fine- 

grained and impure. Many limestones of the Cherokee contain 

numerous invertebrate remains that definitely establish their 

Pennsylvanian age, but the distinctly different aspect of Mis- 

sissippian rocks ordinarily makes an appeal to paleontologic 

evidence unnecessary. 

THICKNESS. 

The Cherokee sea, advancing from the west or southwest, 

first entered Missouri between Kansas City and Forest City 

and stretched northeast as a long shallow arm to and beyond 

Worth, Harrison, and Mercer counties. In the area inundated 

by this invasion were formed earlier Pennsylvanian sediments 

than are to be found elsewhere in the State. In Holt County, at 

Forest City, the thickness of the Cherokee is 712 feet, in Buch- 

anan County 530, in Platte 555, in Clay 460, in Jackson 430, 

in Livingston about 450, in Gentry 700, and in Harrison 653 feet. 

A drilling in Worth County did not reach the base of the for- 

mation, but indicates that the lowest Cherokee beds were de- 

posited in that region. After the deposition of these first sedi- 

ments the sea advanced upon the old Ozark land mass lying 

southeast of the arm just mentioned, but it was some time 

before it reached Howard, Monroe, and the counties lying farther 

east. The effects of this are shown in the absence of the lowest 

Cherokee beds along the present eastern limit of the main body 

- of the Pennsylvanian and by the reduced thickness of the for- 

mation in the following counties; Putnam 350 feet, Adair 200 

to 320, Linn 260 to 310, Carroll about 340, Ray 350 to 400, 

Lafayette 330, Johnson 220 to 350, Cass 390, Bates 325 to 370, 
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Henry about 230, Vernon and Barton 370, Macon 175, Randolph 

180, Howard 132, Boone 130, Callaway 108 and Audrain 75 

feet. The country northwest of the first arm of the sea was not 

submerged for a long period, for a deep drilling at Nebraska City, 

Nebraska, not far from the northwest corner of Missouri, pene- 

trated practically no Cherokee. 

SUBDIVISIONS. 

A number of names have been applied in a local sense by 

several authors to a few members of the Cherokee, but it is be- 

lieved that the subject can be more simply treated by describing 

the beds in connection with the coals associated with them. The 

coal beds, stratigraphically as well as economically, are the 

most important members of the formation, and their distribution, 

characteristics, and nomenclature have been fully described in 

another report.! The use of a large number of member names 

in a formation as heterogeneous as the Cherokee is confusing 

to all but those who have made a special study of its strati- 

graphy. 

The lowest beds of the Cherokee were laid down on the 

irregular surface of older rocks in more or less disconnected bays 

and estuaries. As a consequence they were formed under very 

changeable conditions and contemporaneous beds varied greatly 

from place to place. It was not until several hundred feet of 

strata had been laid down in the region first inundated by the 

sea and the transgression had reached nearly all of the area now 

occupied by the Pennsylvanian rocks that conditions of sedi- 

mentation became more stable and deposits more uniform. The 

upper 100 to 190 feet of Cherokee consists of beds that are so 

regular in character and distribution that individual members 

may be correlated with reasonable certainty across the entire 

State and beyond into Kansas and Iowa. The correlations of 

beds lower in the formation can be made only where their rela- 

tions to the more persistent members can be determined. There 

are, therefore, stratigraphic grounds for dividing the Cherokee 

into upper and lower divisions, as was recognized and done by 

Marbut in Henry County”. Marbut considered the upper 

division to extend from the base of the Tebo coal to the top of 

the formation. It is true that the Tebo coal bed is fairly persist- 

‘Hinds, Henry, Coal deposits of Missouri: Missouri Bureau of Geology and 

Mines, vol. 11, 2d series, 1912. 

*Marbut, C. F., Geological description of the Clinton Sheet: Missouri Geol. 

Survey, vol. 12, pt. 2, p. 35, 1898. 
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ent and that it is the lowest bed that is so. Recent preliminary 

paleobotanic work by David White, however, indicates that the 

Bevier coal bed corresponds in age with the base of the Alle- 

gheny formation of Appalachian coal fields and that the scanty 

fossil plants found in beds below the Bevier probably indicate a 

Pottsville flora. There is also stratigraphic evidence that the 

Bevier coal correlates with the Murphysboro (No. 2) coal of 

Illinois, a bed that is certainly at or near the base of the deposits 

of Allegheny age. In view of these facts it seems most appro- 

priate to consider the bottom of the Bevier coal the base of the 

upper part of the Cherokee. Should additional paleobotanic work 

substantiate the conclusions drawn from preliminary studies, it 

would then be advisable to consider the upper and lower parts 

of the Cherokee to be separate formations and to assign to them 

appropriate geographic names. 

REGIONAL VARIATION. 

In considering the changes in the Cherokee shale from 

point to point in Missouri, the outliers are first taken up, then 

follows the outcrop zone from Kansas northeast to the Iowa line, 

and then that portion of the formation that les beneath younger 

rocks in the northwestern part of the State. 

Pockets and Outliers—Beyond the outcrop of the main 

body of the Cherokee there are numerous outliers composed 

chiefly of sandstone and shale with some intercalated clay and 

coal. The best known of these is in St. Louis County, where 

the clay deposits are very important and where there is also 

considerable limestone!. Other notable areas are in Shelby, 

Monroe, Montgomery, Saline, Cedar, Dade, Greene, Lawrence, 

and Jasper counties. Most of the outliers occupy depressions 

in Mississippian limestones and some, especially in southwestern 

Missouri, lie in long narrow valleys eroded in the pre-Pennsyl- 

vanian land surface. 

Pockets are in one sense also outliers, but may be distin- 

guished by certain unique features. Briefly stated, they are 

shale, coal, sandstone, and clay deposits laid down in sink holes 

or small depressions and surrounded by walls of limestone be- 

longing to Mississippian and older formations. They occur 

in nearly all parts of the State outside the main Pennsylvanian 

body and are especially numerous in Lincoln, Callaway, Cooper, 

1Fenneman, N. M., Geology and mineral resources of the St. Louis quad- 

rangle, Missouri-Illinois: U.S. Geol. Survey Bull. 438, 1911. 
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Cole, Morgan, Moniteau, and southwestern counties. They 

are round or elliptical in horizontal cross-section, are commonly 

only a few hundred feet in width, and are in many cases as deep 

as they are wide. Many contain as much as 30 to 90 feet of 

coal, chiefly of the cannel variety, and have excited much com- 

ment. In most cases the component layers are saucer-shaped, 

dipping inward on all sides from the surrounding limestone 

walls, as though the entire mass had slipped down a considerable 

distance. Fractures and slickensides indicate that part of this 

slipping occurred after the consolidation of the materials, though 

many of the coal pockets probably sank during deposition, the 

action of the humic acids hastening the deepening of the sinks. 

Sinks that were deepened in this way, while sediments were accu- 

mulating were probably slightly above ground-water level at that 

time. Deposition in many sinks probably took place after the 

drainage outlets at their bases had been choked up as a result of a 

slight subsidence of the region in which they lie. Some of the shale 

and sandstone deposits may have been formed after the region 

was invaded by the continental sea, though this is not neces- 

sarily the case. Certainly those containing coal were deposited 

while the region was free from brackish or salt waters. It is 

probable that solution was renewed at the bottoms of the sinks 

whenever ground-water level was lowered as a result of post- 

Pennsylvanian regional movements and that many of the 

deposits are still sinking. 

The age of the pockets is tentatively considered to be 

Cherokee, though so far as fossil and other available evidence 

shows, those in southern Missouri may be contemporaneous with 

other Pennsylvanian formations. In Callaway and other coun- 

ties in which there are regularly bedded Cherokee deposits, the 

pockets are certainly of Cherokee age. 

Barton and Vernon counties.—The Cherokee shale of Barton 

and adjacent counties differs from the outcropping formation 

farther northeast chiefly in the greater thickness due, in part at 

least, to a thickening of the shale and sandstone beds in both the 

upper and lower divisions. 
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GENERALIZED SECTION OF THE CHEROKEE SHALE IN BARTON 

AND SOUTHERN VERNON COUNTIES. 

Distance 

Number. Stratum. Thickness. from top. 

Feet. Feet. 

1 Shale, black, slaty (top of Cherokee).......... | 4 

2 © Oars teeta oka isgatsxa: sistas ait ceiieterevetstneuereteasteracerhhs so | 1 5 
3 Shale, with some sandstone; poorly exposed... .| 61 } 66 

4 Limestone, dark-blue when fresh, weathers out 

in drab, diamond-shaped flags (hence “dia-| 

TAO TA CL TOC berey) erairsvenras teeye che eyaucte te Aeyerhe aca cere se 1 67 
5 Shale, with one or more 6-inch limestone beds | 

rid PERCE Si oveici clot OO Da CO One Cogn dose eed 6 73 

6 Shale, black, slaty; with large and small cal-} 

careous concretions...... Sob De be Ob ooba geo 6 3 76 

7 Shale Wipht-drab, Sandy... a 5. eec-a.0'e aleve te dep 3 79 

8 Shale blnish-blackocrery-yyaciomicncs costsrrete c= vine 2% 81 
9 (COM CANIN SIA) 56 9 eeu Gero no eo Gioto ear 6 ego0ncbeos | 1% 83 

10 Shale, perhaps including sandstone............ 31 114 

11 Shales black: OULMINOUSs eastern jeveie reuse ee cokes eke 3% 117% 

12 Coal (Weir=Pittsburge Upper) ..l. 22.2... 22e5: 1% 119 

13 CH aVircehareners COMO OAC OU omg obo oA ooo sae eho 12 131 

14 Seiler 5 4655 boodsa0o8 sonoesssoscq0g58es¢ 8 | 139 
15 haley slaty invliowen half... 2. .scs.s cde cet 13 154 

16 Coal (Weir-Pittsburg Intermediate)........... 1 155 

17 (CHES? 6 crcl@idla Gayle. Ch OEE CA OO COIR CRUIC IReeRRCR RI Carne 2 157 

18 SPICES LON Obwa geen ietoieeatersies steneueneieelcleter ove astute: syeweie, « 2 159 

19 Shale, sandy, indurated at base............... 20 179 

20 Coal (Weir-Pittsburg Lower [Bevier?]) seen eg Se a 214% 181% 

21 OR. S316 Batic oo See ee Cae ee ee 3% | 185 
22 Interval containing sandstone and shale....... 50 235 

23 Sandstone and clay, alternating.............. thal | 246 

24 Shale, black, slaty, pyritiferous at base........ 7 253 

25 Coal streak..... Sodd SoS Conon oe OOMBIRSo ORE Oe = 253 

26 CIE ae seen 0-4 6.5 morc a Bingo: 5 O-C-c Ole ene Of. Ceoeeoucn es 314 25614 

27 Sandstone in upper part, slaty shale in lower... 10% 267 

28 Coal, including two feet of clay in middle...... 4 | 271 

29 SUIT & 6 Sheth crete) Cae eee EE eRe or eRO eet Bice eee ao 4 | 275 

30 Ginziiey TMU eee eas casei eaeee eee ee ae eee ae 3 278 
31 Netra Here chat tes waserstaiaans cere eee aus ae es eae 1 279 

32 CHER 5 2.0 Ge OOS Emme Diy SED CoRPoReU a PUR ce Ge eee Re Cae 4 283 

33 Sar BELCP GENT Cheat Berane «ric ch.n saat alent pesiinuas & ake cce narntine 4 287 

34 Rutile REV e nay Be Mart wi ome Merl aye ea vah ene oe eases taclattcicns 4 291 

35 CEAilS ss obu so peeUBO BOLUS DEH on DOSE Re OUS too 1 292 

36 Sandstone, with thin shale layer at top........ 33 325 

37 Shale, slaty «0. sec. A ca Boa mb te OMe iC GraniN 6 ao aie3rt 

38 Coal streak......... Sumo goodH soon oto oes = 331 

39 Clay in upper half, slaty shale in lower........ 9 340 

40 WOa mene tat teucyetoy \edcnciny auspice peteiehe sccscvens covietohle ok 42 34014 
41 NORV aWon ot attey- fon aiekal aust sparaisyshskescretcicus svete Sispenevacslists oe 8 34814 

42 IRENE, ENR Ie Gb 6 Bio TID Eb-b DD NEA Ene Gee Oe ea 9% 358 

43 COEls hea Se Gore Oy DAP OIG NO oo Caer ICE 1 359 

44 Clay, pyritiferous....... 6S 6.0 CCE ad Deo mon acne 8 367 

45 Mississippian limestone and flint............. = = 
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Numbers 1-9 of the above section are from outcrops near 

Eve, Vernon County, Nos. 11-21 from drillings near Yale, 

Kans., and outcrops north of Minden, Barton County, and Nos. 

23-45 from a drilling in the valley at Liberal. The connection 

between the Mulky coal bed and the Weir-Pittsburg Lower is 

not absolutely fixed and, indeed, it is possible that the two beds 

are the same. The Mulky and its characteristic ““diamond-rock” 

cap were not seen in the Liberal and Minden districts and so 

could not be tied to the Weir-Pittsburg Lower with certainty, 

though it is known that the latter lies about 180 feet below the 

top of the Cherokee shale. The strata below the Weir-Pittsburg 

Lower are evidently very irregular. In Dade, St. Clair, eastern 

Barton, and southeastern Vernon counties there is a conspicuous 

development of sandstone in the lower part of the Cherokee. 

Its exact stratigraphic position is doubtful. It may be that it 

is merely a shore phase of deposition and contemporaneous with 

shales and clays that were laid down farther from the Ozark 

land mass, though it is more probable that its western represen- 

tative is No. 36 of the above section. 
Bates and Vernon counties. In Bates and northern Ver- 

non counties, where the connection of the lower beds of the 

Cherokee with those of the Henrietta formation can be easily 

deciphered in drill records and outcrop observations, the section 

can be more accurately described. 

TYPICAL SECTION OF CHEROKEE SHALE IN BATES AND NORTHERN 

VERNON COUNTIES FROM DRILLINGS NEAR SPRAGUE AND 

RICH HILL 

: Distance 

Number. Stratum. Thickness.) from top. 

Feet. Feet. 

1 Shale, blue and black (top of Cherokee)....... 6 6 

2 Coal (Hexington) << scsccuus wie we sel eee eee “4 6% 

3 (C1 Eh 2 CERRO ADC BIOORG oem ee 1% 8 

4 Shale, in part sandy, with thin sandstone beds. 81 89 

5 @bal’ (Sum mMib?) se os oom ae ae ee 4 89% 

6 Olay Shi cis siesta ews Bishan Gla aler eas Ce eect ee ES 1% 91 

i TETIMORTONG ests wie beta ee coke > 038 eee eee eee a, 98 

8 Shale supper Dall SlaAty. oom gic qs ye out ak spledkaee See 14 112 

9 Ooal) GUST Ts yes a oa sx 6:2 ee we rs eed 0 1 113 

10 LONE CROCE IOD Te AT ETRE Re Ce eG 5 118 

1l Shale, with thin sandstone bed at top......... 10 128. 

12 Goal (Gapper PUGH ATA. sys. fee lels. aie. sears) seri wratenare 1% 129% 

13 0) Ch AE ACh CLEP tscs OF CRCROATC PC RG CIC iin PENS ELS 4% 134 

14 Shale, MILAN CO) DIRK erate vem wre els ala a es eave | 8 142 
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Fig. A. Upper and lower Fort Scott limestone at type locality, Fort Scott, Kans. 

Fig. B. The ‘‘diamond rock’’ near Eve, Vernon County, showing typical jointing. 
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TYPICAL SECTION OF CHEROKEE SHALE IN BATES AND NORTHERN 

VERNON COUNTIES FROM DRILLINGS NEAR SPRAGUE AND 

RICH HILL—Continued. 

Distance 

Number Stratum. Thickness.| from top. 

; Feet. Feet. 

15 Goal (lower Rich Hill [Bevier?])............. 147 

16 CER? os cose ooH OOO SDOD SOOO ACO oO OONmI CON OU oon 1 148 

17 Shale, in greater part blue, black and slaty at 

SEEig Ko Ge odo Uso OODonO Do OU DED OOOOOdaECON 28 176 

18 COE a cog duno cHaGao den or oobouDOOsOUoH SOOO is || 177% 

19 CIE oo eg 0oe DOO oU Doo OOOb UO aoUOMo Goo nOe ooo 1% 179 

20 Sage, Mtigogocdobdn saoneooao ose oboonpo em ao 2 181 

21 COE! Hirao o Gono desapanacon dno cone coos — — 

22 (CHIBI A0.5: G:Gackes 0B ESO) CO ORONO REND Ono tad O16 Can OseERORE eon O ee ne 4 185 

23 Shale, sandy, including a bed of sandstone. ... 38 223 

24 Sandstone, gray and white when fresh........ 99 322 

25 COB. oo cease banacotoouemd nto boo0 oboe oto oD 4% 322% 

26 Shale, blue to black, in part slaty............. 31% 354 

27 GOs cocodocauvomoooaDo DOE DODpOD DO OU EO e OHO 1 | 355 

28 Cle ao 50 S00 Goa bbbano aboocD monn goacesauo gue 4 359 

29 Miussissippian limestone......................- = = 

The beds in the above section, especially those overlying the 

lower Rich Hill coal, are remarkably persistent in a large terri- 

tory. Individual members thicken and thin considerably from 

point to point, but the distance from the lower Rich Hill coal to 

the top of the formation varies only about 30 feet, being 170 

in northwestern Bates County and 140 farther southeast. The 

only good stratigraphic marker in the section is No. 7. This 

limestone is variable in thickness, averaging about 7 feet, and 

is gray, irregularly bedded, and contains fossils with a purplish 

tinge. Where the bed is of full thickness, it has a lower division 

of 18 inches or less that is evenly bedded and vertically jointed, 

resembling No. 4 of southern Vernon County, with which it is 

to be correlated. The shale between it and the Mulky (?) coal 

bed is 10 to 40 feet thick. 

The correlation of the beds of Bates County with those 

farther south is clear, for the lower Rich Hill coal bed is evidently 

the same as the Weir-Pittsburg Lower and other beds can be 

definitely placed by their relations to the thick coal. The cor- 

relation with the Cherokee of north Missouri is less certain, 

however, though the best stratigraphic and paleobotanic evidence 

now available points to the correspondence of the Bevier with 

either the lower or upper Rich Hill coal. The variable thickness 
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of shale No. 11 is characteristic of the shale overlying the Mulky 

coal farther northeast, while the notable thickening of limestone 

No. 7 from a one or two-foot bed is a feature that has its homolog 

in the Mulky cap-rock of parts of Johnson, Callaway, and other 

counties. Sandstone No. 24, which is. exceptionally thick be- 

neath the Rich Hill district, probably lies at the same horizon 

as Broadhead’s “Clear Creek sandstone” and is the arenaceous 

rock that outcrops so conspicuously in many parts of St. Clair 

and southeastern Bates County. 

Some of the structural features of the southern Bates and 

northern Vernon County region are of unusual interest. In the 

mines in the lower Rich Hill coal at Panama, Rich Hill,’ and 

New Home, very strong dips have been encountered. In ex- 

treme cases the coal bed changes its level as much as 150 feet 

in less than half a mile, while dips sufficiently strong to render 

mine haulage a serious problem are by no means uncommon. 

These dips do not fall into alignment with any regular system of 

folding and are more numerous and stronger in shaft mines than 

would be suspected from an inspection of the higher strata 

at the surface. The regularity of the succession shown in drill 

records and outcrops precludes the supposition that many of 

the dips are depositional, yet some of them may be of that type. 

In the new drainage ditch 2 miles south of Prairie City, in the 

southeastern corner of Bates County (W.'% sec. 24, T. 38 N., 

R. 30 W.), the strata are very much disturbed, though slightly 

higher beds in neighboring country are horizontal or nearly 

so. The accompanying photographs (Pl. VI) show two of these 

exposures, one in which beds are warped, tilted, and faulted 
in at least two places, and another in which there is a sharp 

symmetrical anticline on a small scale, with dips of 45° on both 

limbs. These phenomena are probably due to different processes 

than those that affected the Rich Hill coal beds. The disturbed 

strata lie very near the base of the Pennsylvanian, for Mis- 

sissippian limestone appears on the Osage River, one mile above 

Belvoir, little more than a mile distant. Their condition is 

due either to the proximity of the anticline that has brought the 

limestone to view or to collapsing of underground channels in 

the Mississippian limestone beneath them, a common cause of 

similar disturbances in the basal Cherokee of other localities. 

Henry County.—Passing northeast into Henry County we 

may note the introduction of two thin limestone beds not present 

farther southwest and a thinning of the shale beds that consti- 
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) 

Fig. A. Faulting in lower part of Cherokee shale, drainage ditch two miles south of Prairie City, 

Bates County. 

Fig. B. Small anticline in same locality. 

46 



hale 

“ais Sh 

WR 
‘ 
ae 

% 

car 



CHEROKEE SHALE. 47 

tute the bulk of the interval between the Bevier coal horizon 

and the top of the Cherokee, resulting in a closer approximation 

to the Cherokee section of north-central Muissouri. 

GENERALIZED SECTION OF CHEROKEE SHALE IN HENRY COUNTY 

Number. Stratum. Thickness. 

Feet. 

1 Shale, light at top, black and slaty at base; bears large 

COMERDMONT 5 915 Poo cposusdocouvo0ddadenooDoEdouacuob™ 4 

2 Coal (USE daletoRl))S AG oo vou D OOO CE On ObooeDO neo ed oo ooo oss 1 

3 (Clay aia! SONI, + ois oo moc mdaoboMoeeogUOSOnpoOno dbo O DOOM 9 

4 ILMAMNETIOMOs osnodesocoveuncgo sea oosso seb oundoeopeeddoods 2 

5 Shale and sandstone; with thin and irregular coal bed at 

DARGA ONLORD Ofte Cb OIC kaw aganemelanel iat lepeieheioteliel-leliolelen= =) ellen 35 

6 Limestone, gray; weathers rough on top; in places a foot or 

more of blue limestone at base; absent in places, 15 feet 

. {HHS TH. QUEM) p ooo boDun Od ood dee noooenonomuDooodObS 8 

7 SMM, SH oa seocse cugovd CAusopoduavoouconued SoD ood 44% 

8 CoalsGviuilkys)- apSenblD! DlAGEB! sia cit clehecisce sche sree eae ocelot eee 1 

9 SMG, WT. otc soaodoocrchoovagcbcocnboonocdooNeo ado" 30 

10 Comls(Bevier) absent dame places 2, = ccied-bendie siscicte es coches oe 1% 

11 Clay, shale, and sandstone; 3 to 12 feet thick............. 8 

12 Limestone, variable; absent in places, 6 feet thick in others 3 

13 Shale, light at top, black and slaty below; locally with large 

concretions absentiim) PIACEBm = sie se es © nists s<) sae cone wee 5 

14 CoalnGhebo), absentrint places). cveus scets ious es. suecene vee atariac aie euent 2 

15 Shale and sandstone, with basins of coal distributed irregu- 

larly both stratigraphically and geographically, including 

the Mammoth coal bed 40 feet below the Tebo horizon, 

and the Jordan coal, 70-100 feet below the same horizon|. 80—230 

16 IMMISSISSHO eI LNCS LOMO sat sreirehiay -yainlieis) eee woe oea eee see) eye steele, eas 

Number 6 of the above section is the bed previously mention- 

ed as the only limestone of the Cherokee shale in the Rich Hill 

district. Between Rich Hill and Clinton it is thin and in- 

conspicuous and is absent along the west edge of the county. 

In northeastern Henry County and southeastern Johnson, 

however, it is as thick as any of the limestones of the Henrietta 

formation. Near Windsor it is 4 to 15 feet thick, at Leeton 11 

feet, and at Henrietta more than 8 feet, the Mulky coal bed being 

absent in all these localities. This exceptional thickness appar- 

ently led Marbut! to correlate the Mulky cap-rock of north- 

eastern Henry County with the next higher conspicuous lime- 

stone, the Fort Scott, in the northwestern part of the county, 

where the lower bed is much thinner. 

‘Marbut, C. F., Geological descriptions of the Clinton and Calhoun sheets: 

Missouri Geol. Survey, vol. 12, pt. 2, pp. 1-191, 1898. 
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The Tebo coal bed and its associated limestone cap-rock 

are quite persistent in a large area, but are absent at Clinton, 

southeast of Calhoun, and near Urich. These beds extend 

southwest into Bates County, but at Rich Hill and farther south 

the cap-rock is lacking, though the coal may be represented. 

The Bowen coal trough near Windsor and the Mammoth 

trough near Lewis present an interesting problem!. The two 

deposits are unique in character and similar even in minor details, 

yet the distance of the Bowen coal below the Mulky cap-rock 

and the Bevier coal would place it at the horizon of the Tebo coal, 

while the Mammoth trough is 40 feet below the typical Tebo coal 

and cap-rock. It is difficult to believe that the two deposits 

were not formed in narrow valley-like depressions under similar 

conditions. It is probable that they were contemporaneous 

and that subsequent to their deposition and before the formation 

of the Bevier coal bed, the Lewis area underwent greater relative 

subsidence and received a greater thickness of sediments than 

the Bowen area. It is unsafe to postulate in how large a region 

this southwestward tilting was effective, but the probability 

of its existence makes it difficult to correlate many of the lower 

beds of the Cherokee. 

It is possible that the Jordan coal and the Bowen and 

Mammoth troughs are of nearly the same age, though the 

Jordan apparently corresponds with beds 175 feet below the 

Bevier coal horizon in the Rich Hill district. No direct tie can 

be made between the Jordan coal of the Deepwater district and 

the more persistent strata of the upper part of the Cherokee, 

but the best available evidence indicates that the coal lies 80° 

to 110 feet below the Bevier coal horizon. The determination 

of the exact stratigraphic position of the Jordan bed is particu- 

larly important because the shale just above it contains many 

species of plants that have been very fully described and com- 

pared with those in Appalachian formations by White? As 

a result of the examinations of fossil plant collections from many 

horizons and areas, and a re-examination of the Jordan coal 

flora, White states the belief that the Jordan flora is much older 

than was supposed by him in 1898, being comparable to the 

flora of the uppermost Pottsville as that is now revealed 

(see p. 261). 

‘Missouri Bureau of Geology and Mines, vol. 11, 2d series, pp. 179, 190, and 

193, 1912. See also Geology of Calhoun Sheet, op. cit. 

*White, David, Fossil flora of the Lower Coal Measures of Missouri: U. S. 

Geol. Survey Mon. 37, 1899. 
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Johnson and _ neighboring 

counties on the north and northeast, most of the upper Cherokee 

strata assume characters that are persistent as far north as the 

Towa line!. 

TYPICAL SECTIONS OF CHEROKEE SHALE IN CENTRAL JOHNSON 

COUNTY, FROM OUTCROPS AND DRILLINGS NEAR MONT- 

SERRAT. 3 

Number. Stratum. Thickness.| Depth. 

Feet. Feet. 

1 Shale, soft and argillaceous at top, black and 

slaty at bottom........ oeooggee conowoboos 3 3 

2 Coal (Lexington)........... oonoecoodnoooos 1 4 

3 Clay, with nodular limestone at base.......... 4 8 

4 Shale, yellow.......... Souconocos soocodcooes 10 18 

5 Interval, chiefly shale; very variable in thick- 

ness,—average......... oaboroomSs ond nodD OD 20 33 

6 Limestone, dark gray; compact; vertically 

CMM, solo ekooncoosod doandoooreD Oona O.0 2 40 

7 Shale, in part slaty.......... 5A ona G0 GOGEROS 8 48 

8 Cozi (MAMIE os donee 6 ee chive chao steko Goro cacao een 2 50 

9 Timea, Clangihy Ging. 4 Go ob dcocpooodUC UC OoOE 10 60 

10 Shale, with a few thin limestone bands at top; 

black, slaty, and with small nodules at base. 21 81 

11 Limestone, bluish-black, very fossiliferous...... 1 82 

12 COE s(GBE WIG) oe OS Bo acon poo od.olo wolouD odo Oto 2 84 

13 Cilla, sais. odd adondaouveGoonot pus UD ODDS 4 88 

14 Limestone, blue to gray; irregularly bedded} 

MOC. op soo bEoosmoceaudooodGooce Does od 3 91 

15 SMBS 5 Secs oveis bekssdeote a Olole tho. DIcka D:aiceO- Oba id CiEoaaiorg 2 93 

16 C@eil (MADD) e 5 pee Hee A ho DDD ep coe oe tes melo 2 95 

17 SWaeilo-cd 4 bce He. Cloke OU ODI CAEOO 6 Cll GO OImRERD hp emer 17 112 

18 Sandstone, reddish-brown; in part massive; 

Tay, joHEIH (avbalorereloKeol= | Goo ono ep oonaomuoUod 11 123 

19 Shale, dark below, light above................ 15 138 

20 Coal GBnizin7 IRI) e465 og GacogoroogoenooooOd 1 139 

21 CIE. coo dono 60 cu done 48.00 Qo booth plot aac 5 144 

22 SIC. -co0ocdu boone boo doodboUnomEDO Uy oe or aoe 8 152 

23 GOPs cocoon cagnotdunoeoocoeny onopsouooHy dee 1 153 

24 (CER? so 6 sp oamod ob Gare Hoomins nod bos cig osb.end 5 oyc.0 4 157 

25 SiMWOs 3 bob ioe Ola eo Boome Bin O.biod pic D wt ole 12 169 

26 COM > 2 ob vied dtdodcn. 6 ootado.0 oOo nob oO cco moO 1 170 

27 Clay ob aden ste sob eio ope oe ce on dol ton 6 ood oe 6 176 

28 AWD oo5 SB Ghot tag Ghee CAROLE Orescee bette Olasc Ofte cobaet Pra "0, Cn 9 185 

29 Coal oCcoctegagonor ny ne alnomen Goode ebons % 185% 

30 CIENTS alee oodadiocoood Seclasoogcca courage eam 41% 190 

31 Shale, black, slaty, present only in places...... = = 

32 WOACOVEOMESCHECLU) leists ereuslercherersareeiate lense lenacete =r=! = 5 195 

33 (Chieky 5 REMY sooo cuobdooooncooDDOd otnoe soc -0L0 10 205 

34 Shale, sandy at top, black at base...........- 25 230 

25 Sandstone; thin-bedded; firmly cemented...... 20 250 

36 Mississippian flint and limestone...........-. = == 

1The correlations in this report, and in volume XI of this series of reports, 

of coal and other beds in the Cherokee shale south of the counties bordering Mis- 

souri River are tentative. Reconnaissance field work in Central Johnson county 

indicates that the-lower Fort Scott coal of Kansas may be the equivalent of the 

Mulky instead of the Lexington, the Lexington pinching out to the south. 

G—4 
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The interval between the Bevier coal horizon and the top 

of the Cherokee does not differ in essential respects from that 

in Henry County, though it is to be noted that the cap-rock of 

the Mulky coal is thin and vertically jointed as in southern 

Vernon County. There are places, however, where it is slightly 

thicker and more irregularly bedded, so that it is very difficult 

in small exposures to distinguish it from the cap-rock of the 

Tebo coal. The shale between the Mulky coal and this cap- 

rock varies from 4 to 15 feet in thickness in Johnson County, 

the variation being due chiefly to drab, argillaceous shale that 

wedges into the interval in places. Little is known about 

the areal persistence and character of strata below the Tebo 

coal horizon, as they outcrop in only a few localities and have 

been drilled in only a few others. 

Lafayette County——Two other thin limestones appear in 

Lafayette County and are persistent as far north as Iowa: 

namely, the bottom-rock of the Lexington coal bed and the cap- 

rock of the Summit coal bed. While the Summit cap-rock may 

be present as No. 4 of the Henry County section, the Lexington 

bottom-rock is absent south and southwest of Lafayette County. 

In north Missouri it could be grouped more naturally with the 

strongly calcareous Henrietta formation above than with the 

argillaceous and arenaceous Cherokee shale, and this was done 

in Bain’s ““Appanoose formation” of southern Iowa. Consist- 

ency demands the placing of this bed in the Cherokee, how- 

ever, as the coal above it has been correlated with a bed in Kan- 

sas that lies near the top of that formation. 

GENERALIZED SECTION OF THE CHEROKEE SHALE IN LAFAYETTE 

COUNTY. 

Distance 

Number. Stratum. Thickness.) from top. 

Feet Feet. 

1 Shale; black, jSlatyy aie so csisie simi ie Siskel st sheds iners aieienoke 1% 1% 

2 Coal Wiexing ton) oo ms cctehs ino, ete ne were saa ise 1% 3 

3 (Od Ee KOO ORC CROLL ea OO UEIS Cad ONG De OO ond Bia + 7 

4 Limestone, bluish-gray; rough-bedded; nodular) 3 10 

5 | Shale arab ene LUC. see «wie nfo alata stato ateeare tears 18 28 

6 | Limestone, blue when fresh, gray to drab 

weathered; in one bed; vertically jointed..... 1 29 

7 Shale; black; slaty. sb... G00.0. 02 Views oilers, eae 3% 32% 

8 Coal Swe re a nts creer el © alvin as el et eilercr ) cher ena emenaa 4% 33 

9 Gay DIUS ire eke ate eibeenaaveyeitu se taki Asie oneness 6 39 

10 Limestone; in places very concretionary....... 3 42 

11 Shale; drabith.0 sere ee eect ere ceeere 2 44 
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GENERALIZED SECTION OF THE CHEROKEE SHALE IN LAFAYETTE 

COUNT Y—Continued. 

Number. Stratum. Thickness.| Depth. 

Feet. Feet. 

12 Limestone, bluish-drab, weathers brown; com-} 

monly in one bed and vertically jointed..... 2 46 

13 Shale, at top drab and argillaceous, in lower part) | 

black, slaty, and with large and small oval) 

Ikivaa\eysqrona\ey (CKonaeiesnmONalsy5 4 5 p55 bocndonaoGuDoKGdS | 71% 531% 

14 aan IV Wier sy, ewe dees vncticoea Ween tayi< cbc ieaeCensenls, ce tevetae ane | 1% 55 

15 CHA bo.cbsovttbonoeco boob gancbuedD Don cipal | 4 59 

16 Shale, gray and drab, with intercalations of 

MACH TAOUIS ELIAGITNOI). soonnccccogbooGDDUGES | 41 100 
17 | Coal (Bevier).....--...-..---8- 252s eee eee | % 100% 

ISM CL ciyiene ces meeet ne etomidate Wewened Jachant va easedien ast vwetie al 1 10114 
19 MimMeEestome ye mo cdullarepe eyes cue sro icies cus ceere as eevcysne 21 104 

20 Shale, in part drab, in part black and slaty.... 15 119 

21 Cogil (REDS) coocop ease poDoobo Rn ooo noo BOS 1 | 120 

22 Shale, with a few coal beds and several sandstone) 

FEYSVSIEh oe em sae eet een eee een a [tery ian eme2ica 
23 Sandstone, with thin coal beds and several shale) | 

beds; about. .......-.---.-2 ee see eee ee eeee | 85 | 355 

24 Mississippian limestone...................... | —— — 

Saline to Linn counties——The part of the above section that 

lies below the Tebo coal is variable in character and thickness, 

the variation already noted in the thickness of the Cherokee in 

counties north of the Missouri River being largely due to thick- 

ening and thinning of these members and to the unconformity 

at the base. The section above the Tebo coal, though varying 

in minor details, is much the same in Saline, Ray, Carroll, Living- 

ston, Linn, and Chariton counties, the greatest change being in 

the intervals just above and below the Bevier coal bed. In 

Ray County the Summit coal is represented only by carbonaceous 

shale, though the cap-rock is the same as in the Lafayette County 

section. In Carroll, Livingston, Linn, and Chariton counties 

the Lexington coal is absent, though its bottom-rock may be 

found in many places. In Livingston and northeastern Carroll 

there are only thin streaks of coal at the Mulky horizon, and 

another coal, the Bedford, appears between the Mulky and 

Bevier coal horizons. The Bedford is probably a split from the 

Bevier and hes about 95 feet below the top of the Cherokee and 

15 feet above the Bevier. In this region the Tebo is 35 feet be- 

low the Bevier and the calcareous layers forming the Bevier 

bottom-rock are separated from a thin limestone cap-rock of 

the Tebo coal by about 15 feet of shale. In eastern Linn and 
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Chariton counties the Bedford and Bevier coal beds are com- 

monly so close together as to form virtually one bed, the interval 

between them decreasing gradually toward the east. In these 

two counties the interval between the Bevier and Tebo coals 

is very irregular, in some localities 15 feet and in others as much 

as 75 feet. The distance of the Bevier coal from the top of 

the Cherokee is normally about 90 feet and from the Mississip- 

pian about 200 feet, the interval containing chiefly shale. 

Macon and Randolph counties—In Macon, Randolph and 

adjacent counties there is a slight change, as shown in. the 

following table: 

GENERALIZED SECTION OF THE CHEROKEE SHALE IN CENTRAL 

MACON AND RANDOLPH COUNTIES. 

Distance 
Number.! Stratum. | Thickness.) from top. 

| Feel. Feet. 
1 | Shale, with coal streaks (horizon of Lexington 

GOaD A... oi sale Si ehasret aos eeE Me Ae eee 5 5 
2 | Limestone, dove-color, irregularly bedded, nodu- 

lar ‘and with clay Partinesss «ocr. ainieleisievernie ele , 12 

3 |), Grlevy.s wind Geis sie, ao terete rotons Le het eRe iemer atts ial senate tenet 4 16 

4 Shale, in part sandy, with some sandstone..... 15 31 

5 | Limestone, blue to grayish-drab; in one layer 

with imperfect parting in center; vertically 

jointed... .:02---.5 susie vpiale © erelas alodkiepae Sinn ete 3 34 

6 Shale, black; slaty: occ Jo < .Si.jnsete neve eae 2% “ 36% 

7 Goal) (Summit)icck cts. oun shore Go eee 1 37% 
8 LON cries ico cao om ION Om ees cago ¥ 41 

9 Dimestone, modular... 55). . <'s.0/s 8 civit slalopetio ene 1 42 

10 Shale, blue, in places with much irregularly 

bedded limestone and in others really a 

limestone with shale partings.............. 12 54 

11 Limestone, much like No. 5 but commonly less 

perfectly jointed and darker on weathered 

SUTTAGCES. ‘5 «sss x= Stew cues cee whe. ble Si oiete eae teats 3 : 57 

12 Shale, black and slaty at base, grading to softer 

and lighter material at top; bears ovoid con- 

Cretions in: places. <j... os. « + cen & eae eetenee 4 61% 
13 Coal \(Mulkoy) 2 ohne n'00 ie me hale a oar 1% 63 

14 COC Oe LOO oo ono oO ete to 3 66 

15 Shale, drab, in part sandy, in places partly re- 

placed:by sandstone: 6). oc «’reuwisie siaiets nie imieteie 20 86 

16 Coal: (Bevder )ivescatlcrapiela ve on usetuleuere hieualnteteiareaeane 4 90 

UZ) Clery x apusionte eenerets wilacs/ oi fone, strait neal aia een 1 91 

18 Limestone, bluish-drab, mottled dark and light 

blue on fresh fracture; impure; nodular; 

weathers very unevenly at top............. 3 94 

19 Shale, with some sandstone and one or two thin 

beds of limestone........... RR es Ai 20 114 

20 Limestone, bluish-gray to drab; evenly bedded 1 115 

21 Shale, in large part black and slaty; bears ovoid 

OonoretilOns | Hc .c'eals wc eau 'sic\a,4\0 6 bible |e ula iheeiee 9 124 

os 
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Fig. A. Limestone beneath Lexington coal horizon, weathered exposure. 

Fig. B. Limestone beneath Lexington coal horizon, fresh exposure. 
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GENERALIZED SECTION OF THE CHEROKEE SHALE IN CENTRAL 

MACON AND RANDOLPH COUNTIES—Continued. 

| | 

| Distance 

Number. Stratum. Thickness. from top. 

Feet. Feet. 

22 COARCRODO) vera. a) opavcuere se eleMapers eveuebereueeshesectess anaes 1 125 

23 Shale, with much sandstone in places......... 70 195 

24 COE (GHG) 6.6 o.ceta.a bot Sooo CoE nGe on 1 196 

25 Siclsnome Brave SMEs 5 opr ooo bodossurwdocder | 25 | 221 

26 Mississippian limestone...................... — 

While there are considerable variations in minor details, 

this section applies with remarkable fidelity to a large territory 

in the two counties. There is, in general, a thickening of the 

limestones to the south and a thinning of the shales to the east. 

Number 2 of this section is only about 4 feet thick in Macon 

County, but in Randolph it is a conspicuous 10-foot bed filled 

with large individuals of the coral Chaetetes and hence termed 

by Broadhead the “Chaetetes limestone,” a name that is hardly 

appropriate, both because it is not geographic and because Chae- 

tetes is locally abundant in other limestones in this and other 

districts. 

The interval between the Mulky and Bevier coal beds is 

the most variable portion of the upper part of the Cherokee. 

In the eastern parts of the two counties it is quite thin, only 

six feet in places, but it thickens to the west and is 50 feet on 

‘the main branch of Chariton River. Its chief constituent is 

argillaceous or sandy shale, though in many localities, and 

especially where it is more than the average thickness, it contains 

considerable sandstone, much of which is cross-bedded and bears 

other evidences of deposition in disturbed waters. Though no 

two localities show exactly the same strata between the Bevier 

and Tebo coal beds, the general features of that interval are 

fairly persistent and well-marked. The beds between the Tebo 

and the base of the Cherokee are decidedly lenticular and range 

from 10 to 200 feet in thickness, the maximum being in Macon 

County. 

Where exposures are poor, three coal beds of this section, 

with their associates, are apt to be confused in the field;. namely, 

the Summit, Mulky, and Tebo. All are overlain with a few 

feet of black carbonaceous slaty shale with a limestone cap-rock. 

The cap-rocks display certain minor characteristics that make 
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it possible for the trained observer to distinguish them in most 

localities, but in others it is almost impossible to do so unless 

other beds are also exposed in the neighborhood. The shale 

between both the Mulky and Tebo coals and their respective 

cap-rocks is slightly thicker and more argillaceous at the top 

than that on the Summit coal bed, and in many places is also dis- 

tinguished by the presence of ovoid, calcareous concretions, or 

“niggerheads”’ of many sizes. The Summit is the only one of the 

three coal beds to possess a persistent limestone bottom-rock, 

though a very inconspicuous and discontinuous one locally 

underlies the Mulky. The Bevier bed is easily distinguished 

from other coals by its thickness in most of the area, by the ab- 

sence of a limestone cap-rock, and by the presence of a very 

resistant and persistent bottom-rock that has certain unique 

characters not easily described. 

Adair County and vicinity—In Adair, Putnam, and Schuyler 

counties the Cherokee section is much the same as in Macon 

County. The Lexington coal is present in part of the area 

and its bottom-rock is commonly less than 3 feet thick and 

without Chaetetes. The cap-rock of the Summit coal is an 

impure black limestone rarely more than 2 or 3 inches thick, 

and the coal itself is only a few inches thick. The cap-rock of 

the Mulky coal is thinly developed in a large area, but the coal 

is known in only one locality. The shale and sandstone above 

the Bevier coal are 40 to 50 feet thick, and near Kirksville the 

shale facies is inconspicuous. North and west of Connels- 

ville the Bevier coal splits into two beds, separated by 20 feet 

or less of shale and clay. The bottom-rock of the Bevier coal 

consists of two limestones, each less than a foot thick, though 

in a few places there is a nodular phase as in Macon County. 

The interval from this bottom-rock to the Tebo coal varies from 

36 feet at Stahl to 53 feet near Kirksville. Cherokee strata 

below the Tebo coal horizon are chiefly shale and sandstone and 

vary 100 feet or more in thickness within distances of a few 

miles; the interval is as little as 60 feet in one drilling at Kirks- 

ville and as much as 217 feet near the Iowa line. 

Broadhead constructed a generalized section for Linn, Sulli- 

van, and Adair counties', including 85 beds, but owing to slight 

changes in the section from place to place, notably the absence 

of the Lexington coal in Linn County, duplicated parts of it. 

1Broadhead, G. C., (Geology of) Linn, Sullivan and Adair (counties): Mis- 

souri Geol. Survey, Rept. for 1873-74, pp. 222-226, 1874. 
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Summit coal horizon and limestone cap rock on Medicine Creek, southern Grundy County. 
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Fig. B. Mulky coal horizon and limestone cap rock on Shoal Creek, Putnam County. 
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From his number 1 (Ladore shale) to number 62 (shale 

below the bottom-rock of the Bevier coal, the section is correct, 

but numbers 64 to 85 are repetitions of numbers 35 to 62. Num- 

bers 38 to 62 and 65 to 85 are referred to the Cherokee shale. 

The coal Broadhead named the “Spring Creek” or “lower Spring 

Creek’? and placed about 175 feet below its proper horizon is 

the Lexington bed. Norwood, however, suspected that the 

upper coal mined in this region was the same as that mined in 

Lafayette County (the Lexington). In Norwood’s two sections 

for Putnum and Schuyler counties, published in the same volume, 

the beds below number 17 of the former and number 10 of the 

latter, are referred to the Cherokee shale. 

Scotland and Clark counties—In Scotland and Clark 

counties there are 150 feet or less of Cherokee strata resting on 

Mississippian, concealed nearly everywhere by thick glacial 

drift. These beds are chiefly shale, with sandstone in com- 

paratively small amount, several coal beds of lenticular character, 

and a very few very thin and lenticular limestone beds. The 

exact stratigraphic position of these beds is still doubtful, though 

it may be that they lie at and just below the Bevier coal horizon, 

as do those of the nearest Illinois coal field, a short distance 

east of Clark County. 

Monroe County—In Monroe County, east of the area 

for which the last generalized section was given, the chief change 

from the succession in Randolph County is due to the overlap 

of the Pennsylvanian on the peninsula that in Cherokee time 

projected into northestern Missouri from the Ozark land mass. 

In the west the interval from the bottom-rock of the Summit 

coal to the Mulky coal is the same as in the generalized section. 

Farther east and southeast the cap-rock of the Mulky coal 

thickens to 8 feet near Madison and 15 feet near Santa Fe. 

Where it is thick it is rather thinly and irregularly bedded, is 

slightly crystalline in appearance, and at top is dove-colored 

and bears Chaetetes. The shale subjacent to the Mulky 

cap is 414% to 8 feet thick, is black and slaty, contains 

numerous small flattened concretions, and, locally, larger 

ovoid limestone concretions, the latter in the lower part. 

The shale between the Mulky and Bevier coals thins to the 

east so as to be less than 5 feet thick near Paris. The Bevier 

coal is too thin to be of economic importance and disappears 

altogether in many places near the eastern edge of the county. 

Near Madison the Tebo is separated from the Bevier by 20 feet 
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and less of material, chiefly shale, but near Paris and farther east 

the Tebo is absent and the Bevier coal horizon is separated from 

the Mississippian by only about 15 feet of clay. 

Howard County.—In Howard County the section is much 

the same asin Randolph. The ‘“‘Chaetetes limestone,’ the bot- 

tom-rock of the Lexington horizon, is nearly 10 feet thick and 

outcrops conspicuously in many places. The clay beneath the 

Summit coal contains nodules and thin beds of limestone that 

lie on the cap-rock of the Mulky coal, the latter being only a 

few feet below the Summit. The Mulky coal bed is absent 

in much of the county. The Bevier coal lies about 85 feet below 

the top of the Cherokee and the Tebo coal 25 feet and less below 

the Bevier. Below the Tebo there is an average interval of 

20 feet, chiefly clay, to the Mississippian. 

In his general section of Howard County! Norwood dupli- 

cated a large part of the Cherokee section because of a mistake 

in correlating outcrops near Sebree. He placed the beds seen in 

the cut west of Sebree (SW.44 sec. 7, T. 50 N., R. 14 W.) 

above those at Digg’s coal bank, whereas the lowest limestone 

at the coal bank is the highest in the cut. The Mississippian 

limestone outcrops that were seen near the cut, in the bed of 

Moniteau Creek, during the very dry summer of 1911, were prob- 

ably covered with water during Norwood’s visit or he would not 

have been led into this error. Coal “‘D”’ of his general section 

is, therefore, the Tebo and lies below coal “‘E,”’ the Bevier. His 

number 39, the bottom-rock of the Bevier coal, is the same 

as his number 60. If numbers 27-39 be omitted and numbers 

40-51 substituted for numbers 61-62, his section becomes a good 

description of the rocks in this region. Broadhead noted the 

difficulties attached to applying Norwood’s section to western 

and central Howard County and Norwood himself was forced 

to drop out 127 feet of material above coal “E”’ in order to 

apply his section to rocks near Burton. The ‘“‘Ferruginous 
sandstone” of Broadhead and Norwood is probably a local 

development of Pennsylvanian sandstone, though there is no 

paleontological evidence on which to base this conclusion. 

Boone County.—Southeastward across northeastern Howard 

County into central Boone County the change from the Ran- 

dolph section is a gradual one and is due chiefly to a thinning 

tNorwood, C. J., Geology of Howard County:- Missouri Geol. Survey, Rept. 

for 1873-1874, pp. 201-207, 212, 1874. 

2The correct section is given in volume 11, 2d series, of this Bureau, pp. 204- 

205, 1912. 
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of various shale beds and a thickening and coalescing of certain 

limestones. 

GENERALIZED SECTION OF THE CHEROKEE SHALE EAST OF 

COLUMBIA, BOONE COUNTY. 

Average Distance 

Number. Stratum. thickness. | from top. 

| Feet. | Feet. 

1 | Shale, with coal smut (horizon of Lexington | 

CODD EG) mractorcte wala te uci cua ac cv cuate ekeualeneset o cus faveseas | 5 i= 

2 Limestone, light-blue; irregularly bedded; nodu-| 

IEP Bib WON 9 Gare 6.Oeid0 WSO UO OOO T-CUEO-O OR a | 5 10 

[ES a) She a Ne Macleans sao. Vee: | 19 
4 Limestone, bluish to light-gray, in one bed ; | 

iguayeqet (uae Yerrat sks wal haches\=) Om 6 GipiciIgIn Oo ICI IO OID cIOIOG | 3 | 22 

5 Sihalewiblachk:s Slatys.. cies a ieret«) shassie lors teysei wuts auste oa <2 | 3 25 

6 COA S WINNT) eres dens fe) he teens evs lined ois aimim ere \eleneye | 1 26 

a ClarganGvlimestOne eis ete o «2 screlers) sValeieie cs rele cer. 2 28 

8 Shale, both sandy and argillaceous, with lenses| 

GW CHINN. Goole oO CadooMoA oe CDAD menoc 32 60 

9 OAM GEEVACT) cece tasers vesavel evs © site, syjate: Soya piece avis eats 3 63 

10 Clay, with limestone concretions in lower part. . 3 66 

11 Limestone, dark-blue; weathers bluish-buff; nod- 

WIIENP Gur AHO) ence ois BIOtIn Otho, che Chote neon era 2 68 

12 Shale, dark below, light above................ 2 70 

13 CEN s ois. moles obo cdo OID Choe crate rCra ts eS EIOe ene ore 1 71 

14 (Clos BuO EOS 5.6 c. cae men ae.c oc ORO Corn Siem SB 5 76 

15 Limestone, dark-blue to buff; with 2- foot shale} 

Pan bin en CARING ALO) meteors oy eich evans erst eive vate sate cola 10 j 86 

16 Shale, dark, with numerous small concretions.. .| 2% 88% 

17 orale ODO) is eae cut cmare cetauerten (nek tauevanedacs jo ar Wied ond. dua Bay 89 

18 Fire clay, white and variegated, thickness 

alba Chaya CO murine ciscc ssevane tayeraicys ayaa, cielievejecs 20 109 

19 Mississippian limestone......................- — — 

The shale at No. 3 of the above section thickens to 25 or 

30 feet northwest of Columbia and the shale and sandstone at 

No. 8 are also variable in thickness and character, in places 

showing cross-bedding. The amount of limestone between the 

Bevier and Tebo beds, aggregating 10 feet, is greater in this 

locality than observed elsewhere. The thicknesses of these 

limestones and their intercalated shales change within short 

distances; more commonly there are three thin limestones, the 

upper two a split of the bottom-rock of the Bevier coal and the 

lower the even-bedded cap-rock of the Tebo coal. The coal at 

No. 13 is of local occurrence and the Tebo is not quite as persist- 

ent as in many other areas. The Mulky coal was found ou? at 

one place, as a coal streak at the top of No, 8, 
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Our Columbia section does not agree very well with one 

given by Broadhead! for the same locality. His numbers 

2-15 correspond with the section given down to and including 

the Bevier coal bed, but the lower beds are quite different. It 

is believed that most of the strata included in Broadhead’s 

numbers 16-19, inclusive, are duplications of beds listed in the 

upper part of his section and should be omitted. 

Callaway County—The thinning of the shales and the 

thickening and coalescing of the limestones above the Mulky 

coal horizon are carried still further in Callaway County, as 

shown in the following: 

GENERALIZED SECTION OF THE CHEROKEE SHALE IN CALLAWAY 

COUNTY. 

Average Distance 

Number. Stratum. thickness. | from top. 

Feet. Feet. 

1 Limestone, dove-colored; thin and irregularly 

Jolss ts ate IRR EE A aet Oh eRe Cocic) GIO DCS Oe aO4 a 20 20 

2 Limestone, brownish gray to blue; in one bed i| 

compact; vertically jointed. 14 5. s.0e.00c0ss | 1% 21% 

3 | Shale, blue (horizon of Summit coal).......... 4% 26 

4 | Limestone, light-blue; thin and unevenly bedded; 

very impure; 2-16 ft....................0.] 10 36 

5 Shale and clay, dark-drab, in places with streak) 

or thin bed of coal at base (horizon of Mulky! | 

GOal) 2 tore Pte), var cee setae eras olerseeiee eeer ee 3 | 39 
6 Shale and clay, drab; nothing to 10 ft......... 5 44 

7 Sandstone, commonly white and locally so cal- | 

calreous as to resemble limestone; elsewhere | 

Lepeopp eb (| ie fey Le Te Soe pono oon ma gc socs 5 49 

8 Shale, in many places bearing a thin, impure 

limestone ‘‘cap-rock’’; 8 to 28 ft......c.ccess 11% 60% 

9 Coal (Bevier)': U8 to 48 inches... oo... sc50ce cw eee 2% 63 

10 ODE a BS ro SA ere E eh REO Soe) Sno ee aa 2 65 

11 Limestone, with thick shale partings; 1 to 11 ft. 2 67 

12 /SHalSy NoOphingeGOezohh. cyenetetersia elec einatninvelsiarcteikpene — — 

13 | Coal (Tebo); nothing to 6 inches............. _— _ 

14 Clay, variegated; good fire clay in lower part; 

OMG OGHSEE: Go aus ses soem nis i minal naa ela cote s tapered 20 87 

Sandstone, white to brown.......2..s2.c0c0s 2 89 

16 | Conglomerate; flint and a few limestone pebbles 

and boulders in a firm siliceous matrix; 

MOULRIN ES OVO: Lis scsis tleue = sibiscoiete. «ie cedenenereaniere 15 104 

17 | Mississippian limestone.............c2eeecee> —_ — 
] 

1Broadhead, G. C., Geology of Boone County: Missouri Geol. Survey, vol. 

12, pt. 3, p. 384, 1898. 

0 
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There is an average of 31 feet of limestone in the upper part 

of this section and in at least one place, west of Fulton, there 

are 38 feet of limestone broken only by 4 feet of blue shale. 

It is tentatively suggested that shale bed No. 3 of the Columbia 

section is replaced by limestone in central Callaway County, 

causing the limestones above and below it to become parts of 

one bed. The upper part of No. 1 of the Callaway section is, 

therefore, the highest limestone, the “‘Chaetetes limestone”’ 

in the Cherokee shale. No. 2 may be the cap-rock of the Summit 

coal, which it strongly resembles in the few places where it is 

well exposed. No. 4 is the bottom-rock of the Summit coal 

bed, combined with an exceptional development of calcareous 

material at its base much like that in the Higbee district of 

Randolph County, and with the cap-rock of the Mulky coal 

as it occurs in the region on the north. The rest of the section 

does not differ in essential particulars from that of the region 

on the northwest except that No. 11, the calcareous interval just 

below the Bevier coal, thins to the east and, with the Tebo coal 

below it, is absent in most of central Callaway County. 

It must be admitted that the above correlations can not 

be made with any degree of certainty. Exposures on Cedar 

Creek, the boundary between Boone and Callaway counties, 

can be readily correlated with those in central Boone and the 

region farther northwest. ‘The exposures on the east side of the 

divide which les east of Cedar Creek are not so easily placed, 

however, for they include more limestone in closely associated 

beds than is known elsewhere in the Cherokee shale of Missouri. 

It has been suggested orally by two geologists familiar with the 

area that this great development of limestone should be corre- 

lated with the calcareous beds just below the Bevier coal in Boone 

and other counties. In the light of the recent field work carried 

on in all the coal fields of the State, however, the interpretations 

given above seem better to fit all the facts. It is to be noted 

that similar exceptionally great thicknesses of the limestone just 

above the Mulky coal horizon have been observed also in south- 

eastern Johnson and northeastern Henry counties and in Bates 

County. 

Audrain County.—In Ralls, Montgomery, and eastern 

Audrain counties the Cherokee section partakes of some of the 

characters it has in Callaway County combined with some of 

those of Monroe and Randolph counties. Its total thickness 

is about 75 feet though the upper portion has been spared by 
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erosion only near Martinsburg and Wellsville. The top member 

is an irregularly bedded limestone about 7 feet or more thick that 

corresponds to the upper part of No. 1 of the Callaway section 

and is the bottom-rock of the Lexington coal. Between it and 

the thin cap-rock of the Summit coal are 6 feet of shale par- 

tially filled with many lenticles of limestone, corresponding to 

No. 3 of the Columbia section and the lower part of No. 1 of 

the Callaway section. Near Wellsville the upper part of this 

bed is so calcareous as to be indistinguishable from the limestone 

above it. The cap of the Summit coal and subjacent slaty 

shale are much the same as in Boone County, though the coal 

itself is very irregular in thickness. Below the variable, though 

thin, underclay of the Summit coal are 2 to 15 feet of limestone 

that is irregularly bedded at the top and more massive at the 

base. Locally the lower few feet resemble the even-bedded and 

thin cap-rock of the Mulky coal of Macon County, while the 

upper portion has its counterpart in the irregularly bedded 

shale and limestone that lie on the Mulky coal cap in Randolph 

County. Separated from the limestone by 7 to 11 feet of black, 

slaty shale containing lenses and ovoid concretions of limestone 

is a very persistent thin coal bed, the Mulky. The Bevier coal 

was found only in Ralls County, where it is a thin and nonpersist- 

ent bed a few feet below the Mulky. Elsewhere the 20 to 40 

foot interval between the Mulky and the flint breccia and 

Mississippian limestone is occupied only by fire and other clays. 

These clays have much the appearance of being the stratigraphic 

equivalents of the basal clays of Boone and Callaway counties 

and of the famous Cheltenham fire clay of the St. Louis district. 

Northwest Missouri.—Turning now to the northwestern 

part of the State, where the Cherokee is concealed beneath a 

cover of younger Pennsylvanian rocks, we find that the main 

features of the succession are little changed. In many of the 

drillings the Summit and Mulky coal beds and their limestone 

cap-rocks are absent, but the Bedford coal is quite persistent 

and the Bevier bed with its distinguishing limestone bottom- 

rock can be detected in nearly every good drilling at depths 

of 100 to 150 feet below the top of the Cherokee. The good 

drill-records made at Atchison and Leavenworth, and in less 

degree the one at Forest City, show that during upper Cherokee 

time conditions of sedimentation along Missouri River at the 

west boundary of the State were almost identical with those 

in north-central Missouri, Strata below the Bevier can not be 
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correlated so easily and consist only of shale with interbedded 

sandstone, coal, and clay. The shales constitute by far the 

greater part of the formation, but the proportion of sandstone 

increases toward the base, so that there is comparatively little 

shale for 100 feet or more above the Mississippian. The increase 

in the thickness of the Cherokee in parts of northwestern Missouri, 

definite figures for which have already been given, is due almost 

entirely to variation in the portion that lies beneath the Bevier 

coal horizon, and is caused by the thickening of individual mem- 

bers and, more especially, by the introduction at the base of 

beds that were laid down before the area farther east and south- 

east was submerged. Details of the stratigraphic succession 

where drillings have penetrated the Cherokee are shown in 

another publication. ! : 

HENRIETTA FORMATION. 

AREAL DISTRIBUTION. 

Overlying the Cherokee shale is a series of limestones 
with interbedded shales and sandstones that has been termed 

the Henrietta formation. Filling a small interval between 

the Cherokee and Pleasanton formations and commonly out- 

cropping at the top of either present or pre-glacial escarpments, 

it forms the surface rock over a comparatively small area. The 

main outcrop stretches across the State from the west edge of 

Vernon to the Iowa line north of Putnam and Schuyler counties, 

with more or less extensive outliers in Randolph, Howard 

Boone, Callaway, Audrain, and Montgomery counties. West 

of its outcrop it may be recognized in practically all drillings 

penetrating its horizon. Its distance from the outcrop of the 

Mississippian varies from one to 50 miles, usually nearer the 

larger figure. The outcrop in northern Missouri is somewhat 

problematical in places, because of the thick cover of glacial 

drift. 

LITHOLOGIC CHARACTER. 

The upper and lower limits of the Henrietta formation are 

marked by two limestones that are persistent throughout most 

ofits area. The middle of the formation, one-half or more of the 

whole, consists of shale, sandstone, and one or two thin lime- 

stones. Inthe southern part of its area nearly half the formation 

‘Hinds, Henry, The coal deposits of Missouri: Missouri Bureau of Geology 

and Mines, vol. 11, 2d series, 1912. See especially pp. 104, 112, 130, 131, 152, 156, 

157, 164, 166, 169, 170, 173, 213, 214, 302, 303, 327, and 420. 
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is limestone. Farther north the whole formation thins, but as 

the thinning of the limestones is proportionately greater than that 

of the shales, the latter form two-thirds or three-fourths of the 

entire thickness. In most of the State there is no coal in the 

Henrietta, but in the southwest and west there are one or two 

very thin beds in the Labette shale member and one bed that 

is interstratified with the shale included in the Fort Scott lime- 

stone member. 

THICKNESS. 

In Vernon and Bates counties the Henrietta is 90 to 110 

feet thick. Northeastward to Linn and Macon counties there 

is a persistent and uniform thinning, so that 15 feet is the maxi- 

mum thickness observed in Macon County. From Macon 

northward to the Iowa line there is a steady increase in thickness, 

so that in Putnam there are 40 to 50 feet of strata. In the 

southeastern outliers, mentioned above, the upper part of the 

formation has been eroded away in most places, but in Howard 

County all the beds remain and aggregate 26 feet. Northwest 

of its outcrop zone the Henrietta probably averages close to 

50 feet. 

SUBDIVISIONS. 

The Henrietta has been divided into three members, the 

Pawnee limestone at the top, the Fort Scott limestone at the 

base, and the Labette shale between them. The Fort Scott 

member consists of an upper and a lower limestone separated by 

a shale bed. 

REGIONAL VARIATION. 

The order of this discussion will be to follow the outcrop- 

ping zone from southwest to northeast and then to consider 

northwestern Missouri, where the formation is concealed by 

younger rocks. 

Barton and Vernon counties——The basal portion of the 

Henrietta outcrops on one or two high mounds in northwestern 

Barton County and the higher beds cap the divides along the 

western border of Vernon. The type locality of the lowest 

member, the Fort Scott limestone, is at Fort Scott, Kansas, a 

few miles west of the State line (see fig. A, plate V). The 

Fort Scott section! is about as follows: 

1Bennett, John, A section from Fort Scott to Yates Center: Kansas Univ. 

Geol. Survey, vol. 1, pp. 86-98, 1896. 
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HENRIETTA FORMATION NEAR FORT SCOTT, KANSAS. 

Distance 

Number. Stratum. Thickness.| from top. 

Feet. Feet. 

1 Limestone, in upper 25 feet heavy-bedded and 

containing quantities of the coral Chaetetes 

milliporaceous, and thin seams of gypsum in 

clay partings. Below this the layers are 

somewhat evenly bedded. Maximum ex- 

posed on Pawnee Creek (Pawnee limestone 

MASINI) 5 o coo ODO DD Oona o DOC oCOodSDOrOEOOS 35 35 

2 Shale, arenaceous and micaceous; at State line 

there are 2-3 feet of shelly limestone 16 feet 

from top; near top and bottom are layers of 

bituminous shale, with thin coal beds in 

places, and two other thin streaks of bitumi- 

nous matter dividing the whole into three 

nearly equal parts (Labette shale member). 60 95 

3 Limestone, upper part unevenly bedded with | 

Chaetetes milliporaceous, lower layers some- 

what evenly bedded, with vertical seams 

(upper limestone of Fort Scott member).... 10-14 107 

4 Shale, clay and bituminous, the latter forming 

the greater part; near the middle is a thin coal 

bed and near the summit a yellow clay 

streak (middle part of Fort Scott member).. 7 114 

5 Limestone, ‘‘cement rock,’’ light gray, weather- 

ing buff, with large crinoid stems, 1 4% inches in 

diameter (lower limestone of Fort Scott 

MAAN NSIC) b 5 QoMOOUODTOOOO OO 0.0 HOO Oto a oO oo oe 41 118% 

The Henrietta in Barton and Vernon counties closely re- 

sembles that at Fort Scott, though the Pawnee limestone is 

probably not more than 20 feet thick. The Pawnee forms a 

reddish soil through the weathering of its iron content and is 

rather cherty. In one place on the north end of the mound in 

secs. 6 and 7, T. 34 N., R. 32 W., the coal mentioned as lying 

between the two limestones of the Fort Scott member attains a 

thickness of 14 inches and is the thickest coal bed found in the 

Henrietta of Missouri. 

Bates County——As shown by numerous detailed drillings, 

the Henrietta of Bates County is remarkably uniform as a whole, 

the thickness varying between 90 and 110 feet. The Pawnee 

limestone varies from 12 to 371 feet in thickness, is gray and 

cherty, and in many parts of the county forms the bottom rock 

of the Mulberry coal. The Labette shale is 35 to 62 feet thick 

and in most of the county prevailingly sandstone. At the top 
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is shale underlain by a blue limestone about five feet thick and 

closely resembling the lower limestone of the Fort Scott member. 

This resemblance is strengthened by the black slaty shale and 

thin coal bed (Butler seam) underlying it in places. At the 

bottom, a few feet above the upper limestone of the Fort Scott 

member, is another thin but fairly persistent coal seam, in places 

overlain by two or three feet of limestone. - The remainder of the 

Labette is heavy bedded sandstone 25 feet or more thick and 

apparently replacing the lower coal in places. In the eastern 

part of the county this sandstone grades down through thin- 

bedded sandstone and sandy shale to argillaceous shale. Above 

the sandstone is another bed of clay shale and the whole is 

about 60 feet thick. 

The upper limestone of the Fort Scott member is 15% to 

23 feet thick and more thinly bedded than the Pawnee lime- 

stone. The shale between the upper and lower limestones of 

the Fort Scott member varies from 21% to 10 feet thick, is black 

and slaty in the upper part, and in many places there is_a six- 

inch coal bed below the slaty portion. Below the black shale 

or coal there is a bed of clay resting on the lower limestone 

of the Fort Scott. The latter resembles its homolog of the type 

locality, though it is absent in some drill records and as much 

as 20 feet thick in others. In many places it is underlain by 

black shale and coal. 

In Broadhead’s generalized section of Bates, Vernon, and 

Barton counties !, his number 67 is the Pawnee, 56-66 the Labette, 

55 the upper limestone of the Fort Scott and 50 the lower lime- 

stone of the Fort Scott, giving the Henrietta a thickness of 69 

feet, rather under the normal because of the small thickness 

assigned to the Pawnee and Fort Scott members. 

A typical section of the Henrietta is shown in the log of a 

drilling near Sprague (SW. 144 NE. 4% sec. 10, T. 38 N., R. 

32 W.), the upper part of which is given below: 

1Broadhead, G. C., General section of the southwest coal field in Bates, Ver- 

non and Barton counties: Missouri Geol. Survey, Rept. for 1873-1874, pp. 60-61, 

1874. 
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DRILLING NEAR SPRAGUE, BATES COUNTY. 

Number. : Stratum. Thickness.| Depth. 

| | 

EE as Ft. in. 

1 Soll, QWOsscconoearcooCNeenoooodHaoDDU GoM nmd 11 11 

2 Sinai. alilowrs ancoccrdpoood dn on no Oo OOOO oop! 4 15 

3 az lOe | ONAOEA 5 ponks Bae 4) Areione Guga ie 6 a'neckd 0.0 Or Orb oacyO 30 45 

4 Coal (Mulberry).....---+---eese este tgtteee 2 4 47 4 

5 Clay (base of Pleasanton RoaANOM)) 5 5co0c00n0s 4 8 52 

6 Limestone (Pawnee)... ---+- eee etree eee ees 18 6 70 6 

7 Shale, slaty (top of Labette).......-++-+-+++- 1 8 72 2 

8 Sin, Ml. gob cnocheoosaoD doco doo ood ooo GOD 2 4 74 6 

9 ILA, o bloc HOSe UO Oe OOD OOo Amro dO C00 7 6 82 

10 Shale, slaty (horizon of Butler coal).......... 5 6 87 6 

11 Clay. o éanoonebessoop ued DDO DHOUOOTOUMOToO DS 3 90 6 

12 Samael ndabocoovedcosdveeoopaongoddaoc0 5 26 4 116 10 

13 Coals. accononundoumoowee ou a sooo oomoo mo oid G 4 117 2 

14 Clay (base of Labette)........---+ee+ essere 4 10 122 

15 Limestone (upper limestone of Fort Scott 

ANCA) coh eobopeceoMouEePeUaDo DoD OUO0O6 21 143 

16 Sinals SIGMA Gi Ele cha secae cleo © ploefeen a ceoanoaenso Canepa 3 146 

17 CIE op wocobned deen nen doUden op OD OD Uno CO oOe 5 2 151 2 

18 Limestone (lower limestone of Fort Scott 

TIM N)n opouaos ace naopUdsHoudoDOumdadcd | 10 4 161 6 

| 

Henry County.—The Henrietta formation was first described 

in detail in the quadrangle reports on Henry County. Marbut 1 

states that ‘““The formation is essentially the northeastward ex- 

tension of the Fort Scott and Pawnee limestones and the shales in- 

cluded between them in Kansas, as defined by Swallow and later 

by Haworth” and gives the following section: 

MARBUT’S GENERALIZED HENRIETTA SECTION (HENRY COUNTY). 

Number. Stratum. Thickness. 

Feet. 

12 WoaienERHiObee a 5 os 0 bb aioe bald OC cuaia 0, I OLe © GnoucAciO OOo ONO DIG eco 5 

11 Interval (probably shale).....-.---.-:+-s+ssee etter reese 50 

10 Clea sono n pidlo Jee pelo ode mos atone. O06 Bo Blau cco AoC OicARO oo 4 

9 RMOTHOGe pon ood ea pe Md ho oO or Usd S re end mt 0.0 0-7 Oooo. 1 

8 RSET al eee Patan Ce Neca ota strc as cle seca aac rae cays ein yengiia asfovatie sells pis 8 

7 Limestone..... ee ea eM ey Wadena cna ele ce erie ale soem ecetn vanes 2 

6 Shales DlACK. HSBC 2c te eye elare eee ene oltsl eecal ehjenen spine ee 2% 

5 (CIS SS aig hea on Bera oO ols Ase echo atniy Ceo EBD E GrO Es Og) DeceO Oph eeCEINO 1 

4 SUES oy een eon colba co conoo ease eee ee hee ict Schone cr sce Ma earner er cnc aaa 7 

3 Tupi ep ee o oul. CapenooD.4c Um pe coi 0.0 Oo Ors On 1 

2 Gamdstonerand shale, .taacicss ces c.s ele cueie srcielerg spe cereus sev 15 

1 Lime OVOA gous oonoonemowedddaobououE ob. oOo Ociooos 5 

101% 

‘Marbut, C. F., Geological descriptions of the Clinton and Calhoun sheets: 

Missouri Geol. Survey, vol. 12, pt. 2, pp. 1-104, 1898. 

G—5 
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At the time Marbut did the Henry County field work the 

Henrietta formation had not been traced from the Kansas 

State line. Recent field work by Mr. Greene has shown No. 

12 to be the Pawnee limestone, 10-11 the Labette shale and 9 

and 7 the upper and lower limestones of the Fort Scott member, 

respectively. No. 1 of this section is correlated with a rather 

persistent limestone in the upper part of the Cherokee shale. 

As shown in the foregoing section, both the Pawnee and upper 

limestone of the Fort Scott are considerably thinner than in 

Bates County, partly, perhaps, because they are commonly ex- 

posed in escarpments where solution or erosion has reduced 
their thicknesses. Both are known to be of greater thickness 

a few miles north and west of the area studied by Marbut. On 

the divide between Deepwater Creek and Grand River the lime- 

stone taken by Marbut as the base of the Henrietta thins out or 

is represented by a thin layer of limestone nodules. Con- 

sequently in the western part of the Clinton quadrangle the base 

of the Henrietta was originally mapped as the base of the Fort 

Scott limestone, while in the Calhoun quadrangle it was a lower 

bed in the Cherokee shale. 

Cass’ County.—In southeastern Cass County, a few miles 

northwest of the Clinton quadrangle; a drilling penetrated the 

lower part of the Henrietta and the upper part of the Cherokee. 

The drilling was begun on Walnut Creek (SW. 14 sec. 34, T. 

44 N., R. 29 W.), below the Pawnee limestone. 

DRILLING THREE MILES EAST OF GARDEN CITY, CASS COUNTY. 

Number. Stratum. Thickness.| Depth. 

Ft. in. Fl. in. 

1 Soil anGirelayis acess oie utare ml cekonaree aces aie teis Ueto metere 6 6 

2 Sale: Clay yee eycycie ws ec cahele kel eer si octemene eens hee 4 10 

3 COGS we ccc): ovure chattel she ete icreiieeantoke (chennai ey ieee tana 5 10 5 

4 Clay (base of Labette shale member)......... 5 ay 16 

5 Limestone (upper limestone of Fort Scott 

poalevesoK-ye bray Cauca Otc commana Saoec 14 30 

6 Shale, Glaty- cc 6 feene vic icotie ie noets sucka taticlote ce petelcaenahaee 1 4 31 4 

7 (So RSA GOO OAn Oo ma crOtcia ato AAO < 1 8 33 

8 (Opt eee eS euPac IE eicha oot acidic tortons ao ous ecitet on. 3 36 

9 SRAISH CLAVE co) cse.ss. wicrrinieimner ik sin tetas (ato teen 3 39 

10 Limestone (lower limestone of Fort Scott 

pestzyiedel:) a pepe CISILho, CATON ACE MOMENTA Ln we ASO, 6 45 

11 Sandstone and shale, alternating (top of Chero- 

REGED) cre ete ns craic Oe ikyette learns phate tkepaune ater eee 36 81 

12 SSHBIG MIELE Sis i'ans. co o.s ele tare) onacele a nts Staal 2 83 

13 GOORIN sora lar ore os cu esc elietel'ay ©; ohn iey/ehe- 6 oth hole Ie gre teiey a eiamet 1 6 84 6 

14 CRE Fd raid ia ase rete je eels ya Ge We ohare tk er ene a vane 2 86 6 

15 STrale OLAV icis leva: ersten e feo oPelicisl oleae cete’ paavamTEreieee 34 6 121 

16 Limestone (Marbut's base of Henrietta)....... 10 131 

17 Glog) soa ane ae sisticio: carts aie els slgune muneetal sete eels beni 10 131 10 
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Farther north in Cass County, at Pleasant Hill, a drilling 

showed the Pawnee to be 5 feet thick, the Labette 63 4 feet, and 

the upper limestone of the Fort Scott 10 feet. Below this is (1) 

7 feet of dark shale and limestone, (2) 15 feet of shale, dark blue 

and red, and (3) 2 feet of dense blue limestone. It is not known 

whether the lower limestone of the Fort Scott is (1) or (3). 

Johnson County.—On the divide in southern Johnson County 

there are many outcrops of the Henrietta and practically the 

full formation extends east to Sutherland. The following record 

was furnished by Mr. J. B. Scott of Windsor, Mo.: 

SHAFT AT SUTHERLAND, JOHNSON COUNTY. 

Number. Stratum. Thickness.| Depth. 

Feet. Feet. 

1 HD) Ta pmeent one ronationsieWe cokes eu nis chcushers if onsite Tenewee: cushes oosye! ae 9 9 

2 mock (Pawnee! limestone). ..-..5...5-205.-6 95 8 17 

3 “Soapstone”’..... ) 20 37 

4 PSL AEC surele We hesistelio. e::e.1= - 3 40 

5 Coal. Wee Lee eres (Labette shale).......... 1 41 

6 CHA neu epenevenecenes « fon 2 43 

7 Rosk (upper limestone of Fort Scott member) 11 54 

8 BAG GEN 73 6 sig) Soto attols cual Oo tLoroscigio GLa, coo horror nen 5 59 

9 “ORIN MIOMEN? 57 6.0 Saeooo neo ab oO OA MO OO coe 11 70 

10 Rock (lower limestone of Fort Scott member). .| 4 74 

11 “Slate’’ (top of Cherokee shale).............. 3 Mahe 

12 (CHOGIIS Ke ert te CR ECCT REE EA ae CREO Se ncaa ee a ie 78 
13 “Soapstone, fire-clay and boulders’’........... 61 139 

14 Rock (Marbut’s base of Henrietta)........... 14 153 

15 SET oi Sintc: GGG treme oat on 0 eins oeg Gore Hed conoid adel 2 155 

16 “SICA VSIOIMNE 6 gc eS aD Ooo dua UN emo Doh O Moos 12 167 

aly¢/ C@Gille 66 -osavaons bab uote oie Goode Ba. ooe meds 2 169 

On Blackwater drainage both the Pawnee limestone and 

Labette shale are somewhat thinner than in the southern part 

of the county. The upper limestone of the Fort Scott is ap- 

parently thinner but retains its thin-bedded character and gray 

color. The lower limestone of the Fort Scott is two to three feet 

thick, blue, and weathers buff. It outcrops as a single layer or 

in two or more thin beds. The shale between the two limestones 

is irregular both in thickness and lithology, but in all outcrops 

contains a layer of black bituminous shale.. One or two thin 

layers of limestone occur in places. The thickness of the Fort 

Scott varies from about 10 to 30 feet. 

North of Holden is the following outcrop of the Fort Scott 

limestone: 
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PART OF FORT SCOTT LIMESTONE NORTH OF HOLDEN. 

Number.| Stratum. Thickness. 

; | Eh. in. 

1 | Limestone, gray; thin-bedded, cherty (upper bed of the 

|, “aFort Scott) Ve.> bast 1:4 oe hla Pee Oe eee ae |, as 
2 Shale, drab at top and bottom, dark in middle............ 2 

3 Limestone, gray, even bedded, jointed................... 6 

4 Shale dark oo ccis 5.0705 spoils bis, voter ce stole cateka eater niente 2 

5 Limestone, blue, surface slightly wavy and covered with 

| fucoidal, markings’ «(5). sits)» sotese -)2)<teis <logeleiaie.saeite eee 1-6 

6 Shale, drab at top, black and slaty below (horizon of upper 

| FOrt/SCOtE COAL) iso ciete cic cies uo e'« wie ele ierel chenatovebensts eieteiaiaanene 2 

7 Shale; black, soft':).. 3.1 vnc ee ee a 6 

No. 2 or 4 of this section may be the Lexington coal horizon 

and No. 6 the Summit coal horizon. Nearby are some mines 

in a bed equivalent to the lower Fort Scott coal of Kansas. In 

the shale over-lying the coal are large, round concretions of 

limestone that contain fossils similar to those found in the 

roof shale of the Mulky coal in north-central Missouri. 

Lafayette County.—Northward, in eastern Jackson, Lafayette, 

and Saline counties the Pawnee limestone is commonly 4 or 5 

feet thick, though in a few drillings it is 7 or 8 feet. The Labette 

shale contains much limestone, and in a few places has a 10-inch 

coal seam and in others thin limestones. The thickness of the 

Labette varies from 12 to 26 feet, averaging about 20 feet. The 

Fort Scott member is extremely variable, the two limestones 

with the intervening shale being reported in drillings as from 13 

to 37 feet thick, averaging about 20 feet: the upper limestone 

is a white or gray limestone, about 8 feet thick as a rule but 

varying from 3 to 12 feet; the lower limestone, varying from 4 

to 9 feet in thickness, is a blue or gray limestone, differing, 

however, from its exposures in the type locality in being thin- 

bedded. No generalization can be made for the shale between 

the two limestones as it varies from a mere film to 20 feet in 

thickness, averaging about 6 feet. In places it contains so much 

calcareous material that it is almost a limestone, and in others is 

a black shale or clay. 

Marbut,! in mapping the Lexington and Richmond quad- 

rangles, drew the base of the Henrietta formation at nearly the 

same horizon as in Henry County; that is, at the base of a thin 

iMarbut, C. F., Geological descriptions of the Lexington and Richmond 

sheets: Missouri Geol. Survey, vol. 12, pt. 2, pp. 193-308, 1898. 
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limestone associated with the Summit coal and 30 or 40 feet 

below the base of the Henrietta as defined in this report. In the 

eastern part of Lafayette County, the “Middle Coal Measures” 

as defined by Winslow correspond with the Henrietta of Marbut 

except that they include the Mulky coal and its underclay at 

their base. 

_ Ray and Carroll counties.—Across Missouri River in Ray 

County there is scarcely any change in the thickness or lithology 

of the members of the Henrietta except that in many places the 

lower limestone of the Fort Scott is, perhaps, slightly thinner. 

Marbut’s section gives a total thickness of 57 feet for the forma- 

tion. Farther east, in Carroll County, all the members are 

thin, especially the Labette shale, and the total thickness of the 

formation is not more than 30 or 35 feet. 

HENRIETTA FORMATION WEST OF TINA, CARROLL COUNTY. 

Distance 

Number. 
Stratum. 

Thickness.| from top. 

| 

Feet. Feet. 

1 Limestone, gray, nodular (Pawnee)..--------- 
3 3 

7) Shaly slope QUEIDDU®) dooaceoogr obo aRe Rs oe SDS | 15 18 

3 Limestone, blue, weathers buff. . 
2 20 

4 Shale, drab, green, and red.... | (Fort Scott) .| 5 25 

5 Limestone, gray to [UHI 5 peo a0 | 5 30 

Chariton County.—Very little of the Henrietta is exposed in 

Chariton County, as most of it has been eroded away. On Mus- 

sel Fork near Westville there are a few patches of beds resembling 

those in Carroll County. 

Livingston County.—The Henrietta is the same in south- 

eastern Livingston County as at Tina, Carroll County. Farther 

north, in the vicinity of Wheeling, the Pawnee limestone is 

absent, either because it was never deposited or because it was 

removed by Pennsylvanian erosion in some districts. In the 

northern part of Livingston and in Grundy County there are 

very few outcrops of the Henrietta. At Trenton the shales are 

thin, and the limestones almost unrecognizable, though near 

Laredo the formation is about 25 feet thick. 

Linn County.—The formation varies from 25 to 30 feet thick 

in Linn County. In the Santa Fe railroad cut northeast of 

Bucklin, on the east county line, the following section was 

measured: 

rwinslow, A. W., The Higginsville sheet: Missouri Geol. Survey, PP- 1-17 

and map, 1892. 
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HENRIETTA FORMATION NORTHEAST OF BUCKLIN, LINN COUNTY. 

| 

Distance 
Number. Stratum. Thickness.| from top. 

Fl. in. Ft. in 

1 | Limestone, gray; nodular at top; weathers buff 

orjgray (Pawnes-mempber)..<...0-4+ essed 3 9 3 9 

2 Shale, drab, greenish, and black; some layers 

calcareous (top of Labette member)........ 5 8 9 

3 Limestone nodules, gray; six inches to......... 1 4 10 1 

4 Clay, drab, with calcareous band in middle.... 6 16 1 

5 | Shale,purplish))..4%5. ek ..wio Ae eee eee 1 lB 1 

6 liShale; drab, areillaccous-\-- joe eee 1 5 18 6 

7 | Shale, calcareous (base of Labette member).... 1 3 19 9 

8 Limestone, buff; argillaceous; nodu- (Fort | 

| ars, 233 Shee Oe ee eee Scott 2 x6 22:53 
9 | Shale, drab to buff; caleareous..... lime- 2 6 24 9 

10 | Limestone, gray; argillaceous; in stone 

| thin irregular beds............. member) 4 5 29 2 

Macon County.—There are few outcrops in Macon County 

that show all of the Henrietta. Fragmentary exposures in- 

dicate a continued eastward thinning of the Labette shale and 

Fort Scott limestone. West of Atlanta the thickness of the 

whole formation was found to be only about 15 feet, the minimum 

noted in its entire outcropping area. From Linn and Macon 

counties northward to Appanoose County, Iowa, the thickness 

gradually increases. 

Sullivan and Adair counties—Drill and shaft records at 

Milan and Boynton show the thickness of the Henrietta to 

be 29 to 34 feet.! One mile east of Youngstown, the most 

southerly point in Adair County at which the whole formation 

was seen, the following beds were measured: 

SECTION EAST OF YOUNGSTOWN. 

Distance 

Number. Stratum. Thickness.) from top. 

Feet. Feet. 

1 Limestone, gray, heavy layer (Pawnee mem- 

HOE); tcc Meas Se ater ane eeee wis ble nieie eis | 2 2 

2 Slope, shaly (top of Labette member)......... 8 10 

3 Limestone, unconsolidated nodules...........) 78 | 1l 

4a Shale, Gark-irah Sie 3)< 10.6 owe = Seen tenes 2 13 

5 Limestone, buff; nodular at top.............. 2 15 

6 Shales dark-Grawiiis 0a. 6 <'cps's oe ewe ore Ce 4% 19% 

sp Limestone, purplish, fine-grained............. 4 20 

8 Shale, Grabs =. Ses ssi len sa ale atsinie ata oie 8 28 

9 Limestone, gray, compact, single layer (base of 

Fort Scott member). ds o,0isie0.0- anes oe 1 29 

See Mo. Bureau Geology and Mines, vol. 11, 2d series, pp. 406-407, 1912. 
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In Broadhead’s section of Linn, Sullivan, and Adair counties! 

a number of beds were duplicated. In the first part of this 

section numbers 19-37 are referred to the Henrietta formation 

and in the last part number 64, a duplication of numbers 34-37, 

is also referred to the Henrietta. The Putnam and Schuyler 

county sections published by Norwood in the same volume 

are approximately correct, numbers 3-17 of the former and num- 

bers 1-10 of the latter being referred to the Henrietta formation. 

Attention has been called to this duplication in our discussion 

of the Cherokee shale. 

Putnam County.—The Henrietta formation is well exposed 

in Putnam County and attains there its maximum thickness 

for northern Missouri. 

SHAFT OF UNIONVILLE COAL COMPANY, UNIONVILLE, PUTNAM 

COUNTY. 

Number. Stratum. Thickness.| Depth. 

Z Feet. Feet. 

i iDiBlAR CAAT ES Go oo AoE A OD OO Ou.cin colbao OeOne 26 26 

2 Shale (base of Pleasanton formation)......... 4 30 

3 Limestone (Pawnee member)..........-..... 4 34 

4 Shale, red (top of Labette member)........... 4 38 

5 Sandstone, firmly cemented.................. Zi 45 

6 Shale and sandstone, alternating.............. 8 53 

a Shale (base of Labette member?)............. 3 56 

8 EIMESHOME powell LOCKS 2) o slsie ve =) - == si eiere siete «ie = 3 59 

9 SNE, Gayle UO. Soo Sadc oun de ono eco Oboe 13 72 

10 Limestone, gray, “10-inch cap”’............... 1} 73% 

11 SiN 2-5 A Gp orb One oe OU Be Oe OlOEkO CREIC Deca OR ae 6 79% 

12 Limestone, blue; ‘‘cap-rock’’ (base of Fort Scott 

BOGEN VSN Ss ooomoac shoe Koon oo OO aren De 2 814 

13 “Slate and clod’’ (top of Cherokee shale) ...... 2 834 

14 OA HEIN ELON) ravers evavens orn rofahs Pevavaw sa eeot aire ensire — _ 

As shown by this record the total thickness of the Henrietta 

is 514 feet. At other places in the county the thickness varies 

from 40 to 45 feet, depending largely on the thickness of the 

Labette shale. The latter is apparently thicker where sandy 

than where it is mostly clay shale. ; 

Bain, in his report on Appanoose County, Iowa,? which 

is just north of Putnam and Schuyler counties, grouped the 

Henrietta and a few other beds in a formation he named the 

1Broadhead, G. C., (Geology of) Linn, Sullivan, and Adair (counties): Mis- 

souri Geol. Survey, Rept. for 1873-1874, pp. 222-226, 1874. 

2Bain, H. F., Geology of Appanoose County: Iowa Geol. Survey, vol. 5, 

pp. 377-394, 1895, 
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>’ ‘“‘Appanoose,”’ a term that is in general use by Iowa geologists. 

His section, somewhat condensed, is as follows: 

“APPANOOSE FORMATION” IN APPANOOSE COUNTY, IOWA. 

Number. Stratum. Thickness. 

Ft. in 

alg Limestone, gray, sub-crystalline; known among the miners 

Bsyune) floating, LOCK sce oie ote s/s erste io bol cia dalelcto! «onesie eee 2-4 

16 Shale, argillaceous; color variable. <<. «<<. «eqaeis ee ee 12-30 

15 Limestone; heavy ledges; the ‘‘fifty-foot limestone’’....... 4-10 

14 Shale, argillaceous; blue and red in color................. 14 

13 Shale, arenaceous; frequently forming a well defined sand- 

BEOVIO s 5 005 0 oan aia oho atm Grate he teh alata selene in) < niatin apala iets ohete chen aenenn 8 

12 Shale, argillaceous; blue to pray... . ....,- sccm cere viene 10 

11 Limestone, somewhat variable in thickness; known as the 

“‘seventeen-foot limestone”’ or “‘little rock’”’............. 1-3 

10 Shale, sometimes gray; frequently bituminous and pyri- 

VC Sonora OO OUnT OO COOU OSC OcwonCOmo core n oo s 7 

9 Limestone, sometimes gray, and coarsely subcrystalline; 

sometimes fine-grained, bituminous, and grading into 

the shales above and below; known as the ‘‘cap rock”’... 2-4 

8 Shale, usually bituminous, and known as “‘‘slate’’; occasion- 

ally in part soft and clay-like; then known as clod, at 

times heavy and homogenous non-fissile, in which form 

it: is’ know as! (black) Wee 6 ac reis ao als eves ace aia 1-3 

v4 Coal, upper bench, wswallyi oo, sytem ctene snp et a ansanc ais eee 1 8-10 

6 Clayparting, “‘mud band’? 52955 cic. fic cle one ecto eine oe ee 2-3 

5 Coal, lower bench, usually. 33. aw hs ee Sele Cee eee 8-10 

4 Glay parting, | the Sut him ae owe sis oi sien n iavotsalc) elaleieie enena % 

3 Coal, frequently not.so pure: ... 3... cc esiee ss oe ee eee 2-3 

2 Mes CLA Yo soraya Gepost) Bais oan alate a mols avertstakehstel pests cate tals Soe fe een 1-6 

1 Himestone; "bottom: LOCK yi cue raya) sieecepeh so) oiey an) aleve a anager 3 6 

Nos. 2-7 are correlated with the Lexington coal and, with 

No. 8, are at the top of the Cherokee shale. No. 9 is correlated 

with the lower limestone of the Fort Scott and 11 with the 

upper limestone of the Fort Scott, 12-14 with the Labette shale 

and 15 with the Pawnee limestone. The beds above, Nos. 16 

and 17, are referred to the lower part of the Pleasanton shale 

on the basis of the field work recently carried on in Missouri. 

Southeastern outliers—Southeast of the main outcrop of the 

Henrietta are a number of more or less extensive outliers in 

Randolph, Howard, Audrain, Boone, Callaway, and Mont- 

gomery counties. The Henrietta formation of Randolph and 

Howard counties is about 25 feet thick and is similar to that of 

Chariton, Linn, and Macon counties. 
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TYPICAL SECTION OF HENRIETTA FORMATION IN RANDOLPH 

AND HOWARD COUNTIES. 

Distance 

Number. Stratum. Thickness.| from top. 

: Feet. Feet. 

1 Limestone, gray; rough-bedded; impure; with) 

specks of calcite (Pawnee en oNolsyyo 6 Gadoade | 2 | 2 

2 Shale, light-buff, with small marble-like con- | 

eretions (top of Labette member).......... 3 } 5 

3 Coal, SUCKS so o0ccpoonDbDHOnDOOOUOHODUOUOOUE = = 

4 Shale, drab; caleareous at top (base of Labette 

MIGNON) o oaoopocoddnasOpoOU DDO OUND OODONG 12 17 

5 Limestone, blue; weathers drab; rough on top; 

in one layer (top of Fort Scott member).. | 2 19 

6 Shale, drab; with thin lenses of limestone...... 1 | 20 

Th Limestone; dark-blue to dove; irregularly bedded| 

above, massive below (base of Fort Scott} 

ACUMEN) oGoodgonoob Odeo SoD Ud oDO DONO ODODD 6 26 

All the members of the formation in this region outcrop 

only on the divide north and south of Armstrong and in small 

scattered areas in the upper part of Bonne Femme and Moniteau 

creek drainages. The easternmost undoubted exposure of a 

Henrietta bed is a short distance from Columbia, Boone County, 

where a part of the lower limestone of the Fort Scott can be dis- 

tinguished. The “‘Chaetetes limestone” at the top of the Chero- 

kee shale can be seen on many ridges and it is probable that 

wherever it outcrops large outliers and fragments of the lower 

limestones of the Fort Scott have escaped erosion and lie con- 

cealed beneath the heavy drift cover. The same reasoning 

applies also to the outliers in Boone, Callaway, Audrain, and 

Montgomery counties, where areas containing the highest 

Cherokee beds are mapped as also containing some Henrietta. 

It is possible that the upper part of the very thick limestone 

at the top of the Cherokee in the last three counties named is 

of Henrietta age, the thin shale between the “‘Chaetetes lime- 

stone’ and the lower part of the Fort Scott having disappeared, 

the two limestones forming one massive stratum. 
Northwestern Missouri.—Northwest of the outcrop zone of 

the Henrietta, in northwestern Missouri, the formation dips 

beneath younger rocks. Drilling in this region invariably shows 

the limestones and other beds of the formation at their proper 

horizons except in a few places where they have apparently 

been removed by erosion and replaced by shales and sand- 

stones of the Pleasanton formation. In much of the region 
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it is easy to recognize the Pawnee limestone at the top of the 

Henrietta formation because of the absence of limestones in 

the basal Pleasanton, but the exact delimitation of the base of 

the Henrietta in drill logs is a more difficult problem. As shown 

elsewhere, there are two or three fairly persistent limestone and 

coal beds near the top of the underlying Cherokee shale and in 

some cases the line of demarkation between these two formations 

is very indistinct. 

In Jackson and southern Clay counties the Henrietta is 

reported 50 to 60 feet thick and varies little from its nearest 

outcrops. Farther north in Clay County 80 to 107 feet of lime- 

stone and shale have been penetrated below the Pleasanton, 

the lower part probably belonging in the Cherokee. At 

Leavenworth and Atchison, Kansas, the thickness is apparently 

close to 50 feet, as it is also at Saxton and Lathrop, Missouri. 

In northern Clinton County not over 30 feet of strata can be 

referred to the Henrietta in the Cameron drilling, but in that 

at Stewartsville the amount of ‘rock’? reported in the Des 

Moines may indicate a greater thickness. 

In Caldwell County the Henrietta formation is usually 

found to be about 40 feet thick, but at Hamilton there are only 

13 feet of strata that can be assigned to it. The drilling at 

Gallatin, Daviess County, penetrated about 20 feet of ““conglom- 

erate’ and interbedded shale which is believed to be the Hen- 

rietta. Westward on the same fork of Grand River, the Hen- 

rietta was pierced at Gentryville, Gentry County, by a core 

drill, but unfortunately all consolidated material, regardless of 

its nature, was reported simply as “rock.” As nearly as could 

be ascertained, however, the Henrietta is 73 feet thick and the 

Pawnee limestone at its top is 17 feet thick. At Maryville the 

log of a core drilling shows 59 feet of limestone and shale in the 

approximate stratigraphic position commonly occupied by the 

Henrietta, but drillings in Iowa seem to indicate that part of 

this may be Pleasanton. 

In the western part of the State the lower part of the 

Pleasanton apparently includes much limestone, rendering very 

difficult the exact determination of the Pleasanton-Henrietta 

boundary. On the basis of a comparison of the Forest City drill 

record with those at Atchison, Kans., and Maryville, Mo., the 

thickness of the Henrietta at Forest City appears to be about 

70 feet, although some limestone is present to as much as 118 

feet above the base of the formation, 
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A number of drillings in Mercer and Harrison counties 

have penetrated far into the Cherokee shale, but in most of 

them the greater part of the Henrietta has been replaced by 

Pleasanton beds. In this district the most common thickness 

of the Henrietta is 40 to 50 feet where the whole formation is 

present. Three drillings near Lineville, Mercer County, failed 

to penetrate any limestones that could be correlated with those 

of the Henrietta, and it is probable that they were removed 

by erosion during Pleasanton time. 

The northward extension of the Henrietta (termed Appa- 

noose in Iowa) and Pleasanton formations in southern and 

central Iowa has been ably discussed by Bain and Leonard.! 

PLEASANTON FORMATION. 

AREAL DISTRIBUTION. 

The Pleasanton formation is the upper of the three forma- 

tions of the Des Moines group. From the Kansas State line to 

Grand River in Livingston County it outcrops in the face of 

the escarpment capped by the limestones at the base of the 

Kansas City formation and extends eastward to the top of the 

escarpment formed by the Henrietta formation, occupying a 

belt 5 to 20 miles wide. North of Grand River its outcrop 

abruptly widens, averaging nearly 50 miles and extending 

from the Kansas City escarpment to the Chariton River or farther 

east. In Howard County there is a small outlier. The outcrop 

is shown on the State geologic map. 

LITHOLOGIC CHARACTERS. 

By far the greater part of the Pleasanton is shale, but sand- 

stone is abundant and is preponderate in places. Thin lime- 

stones are present in Bates County and in the northwestern 

part of the State, as shown in drillings, but in the greater portion 

of the area of outcrop limestone is absent or represented only 

by one or two thin beds. A thin coal seam (Ovid) is fairly per- 

sistent near the top and another (Mulberry) lies near the base. 

The latter is an important bed in Bates County and its possible 

equivalent has been mined for local consumption in Livingston 

County. One or two other thin beds are locally present. 

On the whole the lithologic character of the Pleasanton is 

iBain, H. F., and Leonard, A. G., The Middle Coal Measures of the western 

interior coal field: Jour. Geology, vol. 6, pp. 577-588, 1898. 
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extremely irregular, probably because of both contemporaneous 

erosion and of exposure to atmospheric denudation for a short 

time. In many places in the northern part of the State the lower 

5 to 20 feet of the Pleasanton consist of red, white, or green 

shale. In some localities there are one or more thin limestones 

15 to 70 feet above the base of the Pleasanton, probably in part 

correlatives of the Altamant limestone of Kansas geologists. 

It is a question, however, whether the limestone tentatively 

correlated with the Altamont lies at the same horizon in every 

instance. Above this limestone the shale of the Pleasanton 

apparently grades laterally through sandy shale and shaly thin- 

bedded sandstones to heayy-bedded or massive sandstone that 

is locally accompanied by conglomerate and in many places 

rests on lower Pleasanton or even older rocks. That this sand- 

stone is of the same age as that occupying the Warrensburg 

and Moberly channels is within the bounds of possibility. 

THICKNESS. 

In Bates County the Pleasanton is more than 200 feet thick. 

Northeastward along the outcrop there is a steady thinning to 

Adair and Putnam counties, where it is about 100 to 125 feet 

thick. West of the outcrop, too, a thinning to the north has been 

noted in drill-records, so that in Buchanan, Clay, and Clinton 

counties the thickness is only 120 feet. Still farther north, 

however, in Nodaway, Harrison, Mercer, and Grundy counties, 

the formation again thickens to about 150 feet. Although the 

figures given are probably close to the average, there is con- 

siderable variation, even within comparatively small areas. 

SUBDIVISIONS. 

Although five subdivisions have been described and named 

in Kansas, the formation is too heterogeneous in most of Missouri 

to justify the naming and mapping of members. It is possible 

that more detailed work in Bates and Cass counties may reveal 

the equivalents of the members in Kansas, though they are 

certainly not persistent farther north, particularly in north- 

central Missouri, where the formation has been carefully 

examined. At the base of the formation, resting on the Pawnee 

limestone, many sections show red and green shale or clay, 

in places containing ferruginous concretions. Above this red 

shale there are one or two thin coal beds overlain by limestone 

in one or more thin beds. Both the limestones and the included 



PLEASANTON FORMATION. Wit 

shale are very fossiliferous and in Putnam, Sullivan, and Mercer 

counties may well be termed a Trepospira sphaerulata zone. 

The relations of this zone to the red and green shale are not 

known but there is some evidence of a slight local uncomformity. 

In Carroll, Livingston, Linn, and Adair counties there is a some- 

what thicker limestone that may be stratigraphically the equiva- 

lent of the Trepospira sphaerulata zone and is here tentatively 

correlated with the Altamont limestone of Kansas. Above this 

and below the Ovid coal (near the top of the Pleasanton) is an 

unconformity that has been noted in nearly all of the north- 

central counties. Sandstone that is probably of upper Pleasanton 

age rests on the shale above the limestone (Altamont?) or on 

lower beds, even on those stratigraphically 50 or 60 feet below 

the horizon of the top of the Cherokee shale. Directly beneath 

the sandstone there is in many places a thin coal bed with 

a black siaty shale roof and in others a conglomerate (Chariton 

conglomerate of Bain) which usually grades up into the sand- 

stone. 

The unconformity mentioned in the last paragraph may be 

wide-spread and closely connected with the channel fillings known 

as the Warrensburg and Moberly sandstones, which are dis- 

cussed in a separate chapter. 

REGIONAL VARIATION. 

Bates County.—In the greater part of the Pleasanton area 

of Bates County the base of the formation is well marked by 

the Mulberry coal, separated from the top member of the Hen- 

rietta (Pawnee limestone) by a few feet of clay. South of Osage 

River the Mulberry coal is overlain by shale having a maximum 

' thickness of 65 feet, above which is a limestone that is perhaps 

the equivalent of the Altamont of Kansas. North of the Osage 

limestone lenses appear in the shale over the Mulberry coal, ~ 

as shown in the following drill record near Merwin (NE. 144 SE 

sec. 5, T. 41 N., R. 33 W). 

DRILLING NEAR MERWIN, BATES COUNTY. 

Number. Stratum. Thickness.| Depth. 

Ft. in. | Ft. in 

1 SOM ss, FCS ole Oey ERE eee eee en cae 15 | 5 
2 Clery Pesan Giyrenaceetere ie ices ht caste a cysteine 1D aes 5 | 20 
BURRS anc EtOnO SOLU eta e eee Nice ee ee HE de 8 | 28 
2,5 STRESS rs 2 ee Re a aR 16 | 44 
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DRILLING NEAR MERWIN, BATES COUNTY—Continued. 

| 
Number. Stratum. Thickness. Depth. 

Ft. in. Ft. in. 

5 Shale black, sslatyios. ta ote vite over aelene acne evans 3 47 

6 OUD y. yerehaia bes aie se ustedes fale "shan ote a haecGhiote Seer te RCE 9 56 

7 TIME SLONEPSOLb 0,5 .<cuetee ee Sete cnet) ental neie euskal 8 | 64 

8 BSR ANG alo, pias Guin olny 6 ¥ar"ause ras sila coh otaeepreieeeh oats oes 21 85 

9 Limestone and sandstone. «.... 2.0, . tect nese 6 6 91 6 

10 Shale, blue at top, light below...............«-; 18 S* |) sea 2 

11 LIMOBCONG 2 .)-7Acroueneieiarer erate teen fe eae etenee ete eee 5 } 115 2 

12 BEG 2 car ais eh an's ve core, oh bmw og ouen leat ais eae ee ee | 2 4 117 6 

13 imestone; 'shelliy-t) Scots ceievaar cyto at eet eels ake | 9 126 6 

14 Shale; DIME. voice intctedegessiens eater ee Flo eee eee eee oe 1 127 6 

15 Coal’ (MEU erry.) a5 cre ene foc wieke een fora eet reer 2 7 130 1 

16 Olay. 5.6 eo c.0 Rana Eee ee {ea eae a! 
17 Limestone: (Pawnee)ii<.3 at... Pap Seem alee = == 

The upper part of the Pleasanton is shown in a section 

at the east end of the long mound in T. 42 N., R. 32 W. 

PLEASANTON FORMATION SOUTHWEST OF ADRIAN. 

Number.) Stratum. Thickness.| Distance 

from top. 

| Feet. Feet. 
1 Limestone (Hertha limestone member of Kan- 

| Bas Giiy TOCMa GOD) te. r<sveleheialctetehe orerersie erent os — 

2 ‘Slope; /COVELEG: si. teudlere- oasis pleniie aietoleiee teeta ree 10 10 

3 | Shale, shandy; concealed in PlAGCS er awrey se, cenereee eee 85 95 

4 SlOpe;! COVELE. | Viel occ zie lerslere Stave Sislens tea fame) c Sipaene 30 125 

5 Sandstone, heavy beddediec. <<. s Sectescts s cyetsiele = 5t 130 

6 Shale, drab; clayey at top; concealed at base. .} 25 155 

ve Shale, black, slatys.. “acti noes eee eee 1k 156 
8 Clay-andishale i. 62%) of... scien ele wis sue, clsmoeieieaete on 4 160 

9 Sandstone, calcareous; almost a limestone...... 2 162 

10 Shale; drab; clayey. cus weenie vis epee st ceaba eneieee 6 168 

North of Adrian the Pleasanton contains much sand- 

stone. 

Near Amoret the distance between the Mulberry coal and 

the lowest limestone of the Kansas City formation was found 

to be 167 feet and to the top of the ridge 222 feet. West of 

Passaic the total thickness of the Pleasanton, as measured by 

barometer, was 185 feet. 

Johnson, Cass, and Jackson counties.—Broadhead deter- 

mined the thickness of the Pleasanton formation in Johnson, 

Cass, and Jackson counties to be 176 feet and constructed the 

generalized section given below in modified form. 

—2_ 
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PLEASANTON FORMATION IN JOHNSON, CASS, AND JACKSON 

COUNTIES. 

| 
| Distance 

Number. Stratum. Thickness.| from top. 

| Feet. Feet. 
1 SIMENIGE VonlinelaayhaVoyitsior aah younnoac Geico Ge ocrces GupIEced 1% 1% 

2 Shale, argillaceous, or porous sandstone........ 13% 15 

3 Laan ionaves CEO RA A 5 Gio G5 ciome cleo O0.0-o o ciocnese canto 1 16 

4 Sandstone, calcareous; 3 inches of coal at base. . 1% 17% 

5 SiMBNS,, KEICIT Rs Aoi oe po Romo boF Bone pop coming, oe 35% | 53 

6 Conil, & in mela ago on ac open D oo copDom Drs bic — —_— 

7 SHAG, GEA oc Sino do acoarcouscamouuoens Boor 15 68 

8 SEM OME. TON. So nbooraedcodopaoooeUoEomuUS 4 72 

9 Sia OMEe Ehalsl Hoes ss ea gonceecoudscoupoa 45-55 | 117 

10 ILiiMOSHOMG a cig Co ce Couns Choc boopocuer ooo e 2 119 

11 Shale, marly, and limestone nodules........... 7 | 126 

12 Shalewolivclandepurplen mea mrt eee 10 | 136 
13 Shale, sandy, and shaly sandstone............ 22 | 158 

14 Cogill CSCIC) 6 Sos cbhansaoéoooncseoopeeAs eho 1 | 159 

15 SUAS. ogee bates Sa pnic fob doocaene seocr seo ee 6 | 165 

16 LD AOMEMNOINS - o ob Heo oah coos es eon oMoUDO bec oS 2 167 

17 SIMU Ge eweter sow ener sere te fe terior cshape ey cecieaey ete nn ae alons aus 9 176 

The average thickness of the Pleasanton in Jackson County, 

as shown in ten drillings in or near Kansas City, is about 174 

feet. A few layers of limestone have been reported in drillings, 

but the most noticeable stratum is one of red shale somewhat 

below the middle of the formation. It is shown in the log of 

a shaft near where 56th Street crosses Blue River: 

SHAFT OF CLAY MINE AT KANSAS CITY, MO. 

Number. Stratum. Thickness.| Depth. 

Feet. Feet. 

1 riumestonen(Sethanya Malls) io.in stele) set ctees ie el=) ene 22 | 22 

74 Sinenles feileniae (Gbekelord=) ais 65 gb-5 De. oe aejoro clans cere 4 26 

3 im CSLOMen CELECHUHE, )i- abst olsteliene) «layers claus ore sisn= ici eras 16 42 

4 Sandstone (top of Pleasanton formation)...... ve 49 

5 SLOG WETS Sp Sitad woe cee cornice 6.8 ERIE Ee racic rkes aia ee teats 4 53 

6 SMO INOINS A Gio mae a OTARG Oecd MEO one A Ceoir Oubao Dacian ee 1% 541% 

7 Sia aie 'S tao, pepttNe Eucdaee Gc NSE piece MOREL ORR roar ete 12% 67 

8 SZABO ISONIC 15 "Go Gils Glthens one cated Danse Git ios Hare mac soNe Gicat 6 73 

9 SIOENO, Ay cet Nee Gen Oe Cn carl Pn OPumerre cee eae Oa 39 112 

10 SPEC. poe S oocess esa Co Ae Oma Bees 2 114 

11 SUIS a glo ocqicto: O Brtan esd a eo eeel CL DaD tone crests coh Caticlan are 16 130 

12 ‘S17 1a GUSTO NIECE ON lok Be CA OMT Choate ee eRe ee 1% 131% 

13 Simic, lneti-Collomecls chee cans cupedone concosce 10% 142 

14 SeeARROS LEIKT Oryiteyre Merle ae cPe Keer ccc tedett ia alee se ahats wie l De 6 148 

15 BisaleeneGuageDagCrban mapa a rote nite Sior sti -uelteye te eee 8 156 

16 SATOSLON Olepetewer aber tones eyehetane yee aus abs te nla eevee <tehe 124% 168% 

nrg Sal Oeeenemetten or onat oho, cteaveininy ashe sere heute sua vase veserens 22 190% 

18 SANGELONG es weuew warts ie) Renal cicdoveleh fells enoncie beanicle. cess 8 198% 
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SHAFT OF CLAY MINE AT KANSAS CITY, MO.—Continued. 

Number. Stratum. | Thilaka Depth. 

Feet. Feet. 

19 Shale (base of Pleasanton formation)......... 8 206% 

20 Limestone (top of Henrietta formation)....... 6 212% 

12 SILT B rehaisares vote o Kokslierenavetaic toy eyes te take teenie ea ae eas 4 216% 

22 Kimestone, shelly. ic a..c-02 2% cele cele eee 5 221% 

23 SHAS oe oie) 54, 0:0 bole te revs fe eee fos Naru pop ees tote hads miateteretee 4 225% 

24 “Rock, Ward??. 5 <i .qamyer.c cokes sae eee eee | 6 231% 

25 SANASCONE 20% oie sisi o have otorm eto tene oteeaaniot elena 4 235% 

26 Shale; light-colored at top, blue below......... 11 246% 

Lafayette County—One mile west of Napoleon Broadhead 

found the thickness of the Pleasanton to be about 165 feet and 

saw no limestone in a rather poor exposure. According to 

Marbut the average thickness of the formation near Wellington, 

Odessa, and Lexington is 150 feet. 

Ray County.—Across the Missouri River in Ray County 

the Pleasanton also averages about 150 feet. Marbut! gives 

a generalized section as follows: 

PLEASANTON FORMATION IN RAY COUNTY. 

| | 

Number. Stratum. Thickness. 
| 

Feet. 

1 Shale, argillaceous; reddish. © 5... cic s<.6.« cca aves see viale store eisai | 20 

2 Shale, sandy and argillaceous, brown and reddish......... 80 

2 Ofc) | ihr Ir top ormenOm CMON mO OO ead boa. | 7 

4 PHAIS? SAMY 6 seis: estrehare w, bie w ate loletote te lone iene rur 5 Je) aller nae 25 

5 SANASLONE i e\< 6 sic, ol use-d «ciel e wid whois ciciel wie ia Ge cles halts aes enn 5 

6 Shale, blue and red, argillaceéous... ... <i... . dss «eee 30 

Near the top of the formation is a thin coal bed (Ovid) 

that appears at this horizon in many places along the outcrop 

of the Pleasanton in northern Missouri. 

Carroll County.—In Carroll County the Pleasanton is about 

150 feet thick. Near the middle is a thin lenticular limestone, 

below which is red shale over sandstone and sandy shale to 

within 10 to 20 feet of the base. At the base of the formation 

is a layer of red and green shale containing a great number 

of heavy purplish or reddish-brown, ferruginous concretions. 

‘Marbut, C. F., Geology of the Richmond quadrangle: Mo. Geol. Survey, 

vol 12, pt. 2, p. 274, 1898. 
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At one place near the north line of the county the total thickness 

of the Pleasanton is 122 feet. 

Caldwell County.—The Pleasanton of this county resembles 

that of Carroll and is about 140 feet thick. The formation is 

chiefly shale, the lower third containing interbedded sand- 

stone. In a few places the Mulberry coal has been reported at 

the base, and it is a significant fact that the coal is present only 

where there is sandy shale or sandstone just above its horizon, 

but absent where the basal Pleasanton is a red shale. The red 

shale is known to some drillers in this part of the State as ““Kim- 

ball.” 

Livingston County.—North of Caldwell County the strati- 

sraphy of the Pleasanton is somewhat complicated by the 

presence, in places, of heavy-bedded sandstone and thin con- 

glomerates that rest on various members of the Pleasanton or 

even on lower beds. 

At the east end of the high hill at Utica there are: 

SECTION NEAR UTICA. 

Number. Stratum. Thickness. 

Ta, C60 

1 iLieAg sea) (WSIENNNE)) dias Soo aagopen oo bo ed or oOo o obo o Domo = = 

2 Sandstone and shale.............. 140 

3 (COE setae OHO OfO HE CIRC DRCREMCDO Oc. tC RO ReRCaE Pleasanton formation 12-18 

4 Sandstone) and! shale... 2... se 2 22 10 

5 LNA SKOIMNE) (PEM TNEE)) 6 6 Gag cca oa bouSo aD DObuaoDOOMOO ode OoS = = 

The base of this section is about 20 feet above the water 

in Grand River, though 150 feet west only sandy shale and 

sandstone appear above the river. Broadhead attributes this 

discrepancy to a fault, but there is at least the possibliity of an 

unconformity. About one-half mile above this (NW. 144 NE.4 

sec. 18, T. 57 N., R. 25 W.) the limestones at the top of the 

Henrietta appear above water, with a thin coal seam 5 or 6 feet 

above them. A few feet higher there is a considerable thickness 

of massive, micaceous, cross-bedded sandstone. From the coal 

to the top of a hill capped by the Bethany Falls limestone 

the vertical distance is 165 feet, by barometer. The lower part 

of the Pleasanton contains much sandstone up the west fork 

of Grand River to at least as far as Gallatin, west of which only 

the upper portion of the formation is exposed. 

G—6 
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On the east fork of Grand River at Graham’s Mill (NE. 14 

sec. 21, T. 58 N., R. 24 W.) and about one mile below, the top 

of the Henrietta outcrops a few feet above the water and one 

to two feet above is a thin seam of coal, probably the equivalent 

of the Mulberry coal of Bates County. The hills for two miles 

south of Graham’s Mill contain a limestone (Altamont?) 2 to 6 

feet thick and about 70 feet above the base of the Pleasanton. 

This limestone is absent, however, in Broadhead’s section at 

the mill, which is as follows: 

SECTION AT GRAHAM'S MILL, LIVINGSTON COUNTY. 

Number. Stratum. Thickness. 

Ft. in, 

1 Slope, with sand, clay and pebbles of drift............... 23 

2 | Sandstone, thinly-stratified, micaceous, and shale; some 

beds have carbonaceous partings. .......-ccceecceeces ioc LS 

3 Shale; DIGWUMINOUG s 66.80 oie fe ciwlnreesmyeve a aisha. p os letra tole aioe ena eee 1 2 

4 Shale, DIWC sees conte) Paced «we, iene none ooh loll pe Reel Sees gee tone eee } 8 

5 Shale, sandy and clay, with occasional ochery stains and 

CONCFELIONS Of ILOM. PYTIGSS sc odes erelias ale) seals heise etal ieienetate nee 5 6 

6 Shale, semi-bituminous; thin laminae with Cordaites and 

Garbonaceous: BLAINE. 5\5 syle ohare ejovaieys fone tela uate rer etalen cle ten aestemanan 4 

v6 Coal, good bituminous, (Mulberry)... 0. c eis nares cu tier ieee 10% 

8 Glay: (base: of Pleasanton) soci eta rein tale ouaee cola aealts aie anne | 1 

9 Limestone, drab, roughly bedded; fossiliferous............ 5 10 

10 Limestone, shaly, Tossiliferous. <2 si..6 on + ire cies sie else eee 6 

11 SHale; MYTUWSrOUB sss ales oa « wie secu o Wi oiicy aeelioien) «Palit al wite patie eel | 7 

12 Shale, blue... 6... eee ee eee eee) 4 

At the Cox mines, northwest of Chillicothe (sec. 11, T. 

58 N., R..24 W.), the Mulberry(?) coal is overlain by 43 feet 

of shale under 10 feet of sandstone, but a short distance north 

the thin-bedded sandstone and shale of the Pleasanton is replaced 

by heavy-bedded sandstone and near the south line of section 

2 of this township, in the bed of Grand River, there is a conglom- 

erate containing many fragments of limestone. At Gillaspie’s 

Mill (SE. 14 sec. 27, T. 59 N., R. 24 W.) the upper 86 feet of the 

Pleasanton is sandstone. Over all the area just discussed the 

Ovid coal horizon is marked by a thin coal seam or black shale 

at the top of the Pleasanton. 

Northwest of Wheeling, on Medicine Creek, the Pleasanton 

outcrops in a small area. A section up the west bank of the creek 

near the old mill in section 14, T. 58 N., R. 23 W., shows: 

ae > 
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SECTION NORTHWEST OF WHEELING. 

Number. Stratum. | Thickness. 

| Feet. 

1 PSALM SHOT Cretan cheater ne Rees evceco et oro etah otro: sueire eee neralle jaf liedeeeioey « 21 

2 | SWloyioey, “ConnaRerel ana ts alg eeikn Glohnte a calcse oedic ab cco ee Dries Sisne ie ee eeeara 38 

3 Shale dra bret cir ee “5 dott ote bnlo anne Ce ee ee 10 

4 Limestone, blue, blocky, shaly at top (Altamont?)........ 2 

5 Il SUES GEN ois alo cob eSehenee ae nee ct etoL a eho: cr ae Came a HONE aT cane Rena rae 16 

BG || Choe ils FowGrsaek aie Saye Ne ee eR ee oes eae ces eee t 
7 | SHWIO, CHEND, WO WIE: oo socencenorpuge0verneoegeoDubode 10 

| 

The distance from the base of this section to the base 

of the Pleasanton could not be ascertained, but a short distance 

southeast (northeast corner section 23) the Mulberry(?) coal 

has been mined. 

Linn County.—On the ridges near Linneus and Bucklin 

the lower portion of the Pleasanton is represented by 20 feet 

or more of red and green argillaceous shale like that in Carroll 

County. In the northwestern part of Linn County the formation 

is thicker and includes the upper sandy portion. This is dis- 

cussed more fully under Sullivan County. 

Grundy County.—All of the Pleasanton outcrops in this 

county and is about 140 feet thick. The chief outcrops are near 

Spickard, Trenton, Brimson, and Laredo, sandstone being the 

most conspicuous constituent. At one place the base of the 

mound inthe NW. 4 sec. 32, T. 62 N., R. 25 W., red shale similar 

to that in Linn County is exposed. In the central and south- 

eastern portions of the county the Pleasanton unconformity 

is well marked, the lower part of the Pleasanton and all or a 

part of the Henrietta having been removed prior to the deposition 

of the sandstone, sandy shale, and coal of the upper part of the 

Pleasanton. 

Drilling in Trenton shows none of the Henrietta or upper 

limestones of the Cherokee, the Pleasanton resting directly on 

the Cherokee. At the Main Street bridge over Grand River the 

unconformity is plainly exposed, with a layer of conglomerate 

resting on the various beds of the Henrietta. 

Along Medicine Creek and south of Laredo, sandstone be- 

longing to the Pleasanton formation is underlain by a thin coal 

bed which rests on the Henrietta. The following section was 

measured west of the railroad in the SW. 1% sec. 23, T. 60 N., 

R. 23 W.: 
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SECTION OF PLEASANTON FORMATION SOUTH OF LAREDO. 

Number. Stratum. Thickness. 

Fl. in. 

1 | Sandstone, brown, varying from thin-bedded to massive, 

CLOBB=DOC. GEG a 5 is wie ra ciseliasotiel «iin (aire colar allele fultst elle nitet allel aie sitet <i eancio as 20 

2 Shale, black, ‘‘slaty,’’ with large lenticular concretions... . 2 6 

3 CCOop NTE Mopar MN ee iO OI a Ob Ooo de oad omen ke res 3-4 

4 Clay, with streak of coal at top, shaly below............. 5 6 

5 Limestone: (top of Erenriebta)icr <tc rcice le leleledelelesitetsys/ el oneeee sistas _—- _ 

Sullivan County.—On Locust Creek the Pleasanton extends 

south to near Purdin and there is coal at the base in the SW. 14 

sec. 10, Ae DOWN Eee eae The sandy phase appears west of 

Browning, as shown in the following section (NE. 44 NW. 4, 

Bae, Fy the (KONI, 18 20) Mie 

SECTION NEAR BROWNING. 

Number. Stratum. Thickness. 

Fi. in. 

1 Slope: toy top! OFM yee recararcrsyetelcheebeiel ey aie tee altel pila eiieli iste neta nea 21 

2 Sandstone, brown, quarried at one time, no definite outcrop, 

| but covers hillside for a vertical distance of...........-. 21 

3 Slope; Covered 2.5 /eyoveytaye) ale mjovalefoiskeretakay ofegeievarate caste =te reise 26 

4 Limestone, drab to gray; coarse-grained; concretionary..... 5 fa 

5 Shale; drab and argillaceous at top; slaty below...........) 5 4 

6 Goal) CVMLUID Ory: 2) io55 rela sca ete .etojloysal aoe (a, 0a ko) pf alfa ei al(a) Wiad = eel alice 7-8 

yy 2 Ch gS ed eMC 7 OGD GOO OREO O CEO ACLS Fa t5 2 3+ 

About five miles north, on the west side of middle Locust 

Creek (sec. 7, T. 61 N., R. 20 W.), the following was seen: 

SECTION SOUTHWEST OF CORA. 

Number. 

oMmnranrwnd ke 

10 

Stratum. 

Limestone (Hertha) 

Slope with outcrop of coal (Ovid) 

Shale; arenaceous at top; drab and argillaceous below 

Limestone, blue; even layer 

Shale, dark; contains many fossils 

Limestone, dark argillaceous 

Shale, dark 

Limestone, dark argillaceous 

Shale, blue; becoming darker at base, with a small pocket 

of coal near base.... 

Concealed 

Shale, buff to drab, with small calcareous concretions (part 

of Labette shale)...... 

Thickness. 

Ft. in. 

4 6 

7 

75 

8 

7 

3 

3 

3 

6 

33 4 

12 

SS en 
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The horizon of the Pawnee limestone is about 13 feet 

above the base of this section, so that the Pleasanton is about 

120 feet thick. Nos. 4 to 8 of this section outcrop on Spring 

Creek in northeastern Sullivan County and on middle Locust 

in sections 16 and 30, T. 63 N., R. 20 W., where they may be 

. recognized by their striking molluscan fauna (the Trepospira 

sphaerulata zone). It is possible also that they may represent 

the limestone in the Pleasanton northwest of Wheeling and 

near Youngstown. North of this place, on middle Locust, 

Broadhead gives sections showing 60 to 88 feet of sandstone. 

At one place northwest of Milan (Blaylock’s bridge) he found 

the following: 

SECTION AT BLAYLOCK’S BRIDGE, NORTHWEST OF MILAN. 

Number. Stratum. Thickness. 

Ft. in. 

1 SENOS ob ocho 0 90:0 o Bolo oe ao embiO ne O10 SO OU Gm 6.o6n oeorclonord Io 60 

2 SMA, lMUUMMTAOWIS., coochnaveboodbogunasanuaoebopoDEuODNO if 6 

3 O@ EN, IE Taster orate ip ccoke ocelot tio ince ocho Cet Chere er een oare obra tere cae 1 

4 SS iknicall @ysmewemerattcniey are kevie cau citeflostsice scien cis day-eencusitay iran ebeatith sith cer eueeyene shavers “ananel’e 18 

5 Sinise, lOlioienntaoOwiy, pasconcdune st ov ocho a eosaoopooousooGe 2 6 

6 COB. 6 gue Ghee Gitte OOLOIDEe DAS eRehcL oe ONS Oren Oho CIO OIG eetdacner ol PNOscIrino a aceEsec 6 

7 Hihalevandelimestone moO GuUlesi wesc tenet eters oleae) a <le) ene fel enor 5 

8 ILITEASETAKOIMEYs 6 60.6 6 Clute bo demo ec o-0 Da Pho coop Ones DoeeaoeD 1 6 

9 ILM OHiOMe, SRNR 6 Socnowemooneaoms pUCoDU ROU ROG HUD UU DOD 1 6 

At another place, west of Milan, south of the road up the 

west side of the creek (sec. 19, T. 62 N., R. 20 W.), the following 

was measured: : 

SECTION TWO MILES WEST OF MILAN. 

Number. Stratum. Thickness. 

Ft. in. 

1 SMG, Ghee, SHiMChes pao coos oooonD ODS Ono DOOeoOnObUSCOdDE —_- — 

2 Shale, black, slaty, with lens-shaped calcareous concretions. 1 6 

3 Clenys Ihsionn reach, soGehlhy WyllitieS 5 Snoop oneconane sooo oto anne 3 

4 (COB (Mien OG aA eE)) Bice oma picts o aid © ato eco eek Gin cco care Bebe 6 

5 (CHER ooo, Sila sets crcl ae oct aT EN CRS et aceon SANA tt ier CEE Caer ER, Sea 2 

6 Ibikaayserne) (GRE MES) 5 So oo om obo edn DE adedooU Dog DoooooWoR = = 

On the road 11 feet of red shale are exposed above the 

Pawnee. Three miles northwest of Milan the Ovid coal, 14 

inches thick, is exposed about 30 feet below the top of the 

Pleasanton. At Boynton, afew miles north, the following section 

was made one-fourth mile northwest of the depot: 
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SECTION NEAR BOYNTON. 

Number Stratum. Thickness. 

Ft. in. 

Sandstone; massive to thin bedded; cross-bedded .......... 40 

2 Conglomerate, gray; composed of quartzite and other pebbles 

with silicious (?) cement; surface honeycombed where 

weathered’; 17 TCHS bOS c ramsbayatenenelte ei tstele to els ian on lala ae eee | 2 7 

3 Shale, gray, arenaceOus, MICACCOUB 6 ele acne soley oun le etelele ie itaa 5 

A short distance north, only sandstone can be seen above the 

water in East Locust Creek. 

Near the head of West Yellow Creek (sec. 11, T. 63 N., 

R. 19 W.), there are outcrops of yellow, micaceous sandstone 

and blue, sandy shale, the maximum thickness seen being 25 
feet. North of Green City, on a branch in sec. 4; T. 63 N., 

R. 18 W. and sec. 34, T. 64 N., R. 18 W., is an outcrop which 

may be taken as representative of the Pleasanton of north- 

eastern Sullivan County. 

PLEASANTON FORMATION NORTH OF GREEN CITY. 

| 
Distance 

Number. Stratum. Thickness.) from top. 

Fl. in. | Ft. in. 

1 Clay. TeGiand Veo wie. « anciranetenere ete is iere cairo olen are Gaal 6 

2 Goal (Ovid ea eee ieee sins ee eeereneneh= Lenin 2.4 8 

3 Shale; at top brown and black; slaty, with con- 

cretions; a sandy shale below.............. 1 6 2 2 

4 Sandstone, gray to yellow, calcareous, thickness 

Varies sro 1.41nGHES UG. acces sts aie a lteeeia aoe | 3 5 2 

5 Sandstone; yellow at top, grading down through) | 

blue, sandy, micaceous to non-micaceous 

Clit ht tee peas tatirn Ae Oloker Scr Omi rno ons oem es Sy 57 | 62 2 

6 Shale, dark calcareous, pyritif- | 

erous, fossiliferous.......... Cc ee 8 

of Limestone, blue, fossiliferous, sub-| Altamont? 

EUV BURLING ere tere oteatee woe ere nave 8 63 4 

8 Shale; upper foot clayey, passing into two feet 

of shaly sandstone, then greenish, arenaceous, 

TWIG CHOMBISNAIO se yercieekc o o's » seers le wen eee 12 75 4 

9 Shale rons are ulaCeOus ns wicvetei sve cies a nein tates ete 6 81 4 

10 Interval to base of Pleasanton about.......... 2 6 83 10 

The Ovid coal, which is ten to twenty feet below the top of 

the Pleasanton, varies from a streak to 2 feet, though its 

horizon is usually marked by black, slaty shale, 2 to 7 feet thick. 

Although overlain by slaty shale in nearly all outcrops, the 

material beneath the coal may be slaty shale, clay, or sand- 
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stone. In many if not all outcrops the Pleasanton has near the 

top a calcareous and cross-bedded layer, which, however, is 

absent where the underlying sandstone is thin. In places sandy 

shale takes the place of the sandstone. 

Putnam, Schuyler, ‘and Adair counties——South of Rose- 

wood, in Putnam County, the Pleasanton has at the base a layer 

of coarse-grained sandstone and conglomerate with a maximum 

thickness of 20 feet. At this place it is high above Spring Creek, 

but near Mapleton on Dog Branch, and across Chariton River 

on Elm Creek in Schuyler County, a conglomerate closely re- 

sembling it outcrops at a much lower level and rests on beds 

of Cherokee age. 

It is probable that this is an equivalent of the Chariton 

conglomerate of Bain in Appanoose County, Iowa.! 

The limestone (No. 7 of last section) is persistent throughout 

this area, but its distance above the base of the Pleasanton is 

variable. It is very probable that it is to be correlated with the 

uppermost member of Bain’s “Appanoose formation.” Below 

this limestone the Pleasanton contains more or less sandy shale, 

beneath which is a thin lenticular coal seam overlain by black 

slaty shale and with a layer of red shale a short distance below 

it. 

The Pleasanton formation extends into Adair County, 

south of the Quincy, Omaha, and Kansas City railroad, though 

its exact areal distribution is problematical. It does not extend 

to Kirksville, but along Chariton River it reaches to the latitude 

of Millard and has been seen as far southwest as the middle of 

T. 62 N., R. 17 W. The most complete section seen is that 

southeast of Youngstown (NE. 144 NEY, sec. 27, T. 62 N., B. 

16 W.): 

PLEASANTON FORMATION SOUTHEAST OF YOUNGSTOWN. 

Distance. 

Number. Stratum. Thickness.| from top. 

| Ft. in. Ft. in. 

if iLplrameysinomaYes (We ey qurlateh)) — em cago Oleno> eid oO aleeceercrey oar oo _- 

2 Concealed (top of Pleasanton), about......... Hi 2355 25 

3 SIN eee LAG Ktygcgas uss enerraenotolchoicis tomer aay oot yalnucne eek es | 3 28 

4 Coal (Ovid); reported thickness.............. | 2 6 30 6 

5 WONCO ACA Mente won ania tener goed arash ase inet a taette mrad es Ye 40 6 

6 MIDAS EOIN ras tai apeaete erat tele rentde niere Sacre sicher, Seca 42 82 6 

7 Snitch Lem LAC Wy ate etats ce fericbsretetensiotes cree a cote oe cls: Oh caweray lise 1 83 6 

8 Piate- sec iaby DAS 1 a.-Vaqsek. soaks stage ceetceidiele bales i, 3D 118 6 

9 Limestone (top of Henrietta)................ — — 

1Bain, H. F., Iowa Geol. Survey, vol. 5, pp. 394-398, 1895. 
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Due east of Youngstown, on the road east of the Chariton, 

the following is exposed: 

SECTION EAST OF YOUNGSTOWN. 

Number. Stratum. Thickness. 

Fi. in, 

1 Glacial drift tol toprotsnilll sees. eens ae I 16 
2 Sandstone; at top brown or yellow and massive; shaly below 59 

3 Shale; brown; containing coal in places................. .| 2 

4 Shale; argillaceous;\ drab to) PUrpIe nami ake iiece eter aeter reer | 19 

5 Sandstone, buff, micaceous. 0 0. cc ce nasi « vitae ereletienens | 8 

6 Shale, argillaceous; white and green with red streaks and! 

ferruginoOus CONCLELIONS «5... careveteus. over clo etenepe Siareuer Recto 21 

7 Himestone (top'of Henrietta) nse oe eee eee eee ———— 

No. 3 of this section is correlated with No. 7 of the section 

just preceding and is probably the equivalent of the coal below 

the Altamont(?) limestone of Sullivan and Livingston counties. 

A limestone in the Pleasanton of Adair County is shown in the 

following section near the two just given (east side sections 

2arande2 6, ha G2eNes ReslOmWe): 

SECTION SOUTHEAST OF YOUNGSTOWN. 

Number. Stratum. Thickness. 

Feet. 

1 Sandstone, yellow; thin-bedded and cross-bedded at top.. 35 

2 Limestone, gray, arenaceous, blocky (Altamont?)......... a 

3 Sandstone, shaly,; andsandy shale... <<... seh nee eee 15 

4 Shale, blacksa few Inehes' 7. 220.005 eis min footie evan) nraiahatatan eee —_— 

5 Shale, argillaceous; red, green, and white................; 45 

6 Limestone’ (top of Elenrictta).. 0 0 0c « ee 01s ei ane ue ene — 

The limestone, No. 2, is also exposed in the gully south of 

the road in sec. 26, but farther west, down the hollow, it is absent 

and its place taken by 10 or 15 feet of conglomerate (Chariton? 

conglomerate of Bain) which grades up into the sandstone, 

Nos 

West of Chariton River, in the SE. 4 SW. \& sec. 36, 

T. 63 N., R. 17 W., the Pleasanton is exposed near water level 

on Billy’s Creek, where it rests on the Cherokee shale, apparently 

near the Lexington coal horizon. The section here is as fol- 

lows: 
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SECTION SOUTHWEST OF NOVINGER. 

Number. Stratum. i Thickness. 

Ft. in 

1 SANG SuONE MIN OLOMLM ANN cpa sen aie aetonseews ceeteredc la), ehiore sie cde ae. | 10 

2 Sct] © MCLG lewaten ater fevetaraichemcwecencamicticnch eyeteleyeceitat olivtepf cuales) sust'e sperenay sis 3 

3 Shale, black, slaty; containing large lens-shaped concretions; 

PAVELBEo OOOO OO GOD ORS OOOO NWO OWO ROO OHS Ue ooKOOe aU | 3 

4 GTA ETA Vccme as teicizersect sesh coe aicies Seana seen eusu chs oage tse Sey checene de care torenep eds 2-12 

5 COE 5 6.66% QO eilons. cree oD Saw arate G:o-c.cid Slo le oicka (io cet omioratoacrens 2-12 

6 ClasymatLOMWia bOI pewter caer silane ster sas ucts tome totais ticcairele for eer vemte) <ieecrs sil 3 

The Pleasanton is exposed in the eastern part of Putnam 

County and is usually represented by a few feet of shale. Near 

South Blackbird Creek, opposite the northeastern corner of 

Sullivan County, it contains, however, a considerable thickness 

of the sandstone and some conglomerate that is probably the same 

as the Chariton conglomerate of Bain in Iowa. The Pleasanton 

here rests unconformably on beds of Henrietta or Cherokee age. 

In a few places the Trepospira sphaerulata zone was found 20 

to 30 feet above the base of the formation. A few feet of reddish 

shale in the northwestern corner of Schuyler County represent 

the Pleasanton in that county. 

Harrison and Mercer counties—There are many outcrops 

of the Pleasanton on both forks of Grand River drainage north 

of Trenton, but none that show all of the formation. The 

thickness indicated by drilling near Princeton is about 160 feet. 

The Ovid coal outcrops near the top of the Pleasanton through- 

out this region or its horizon is marked by black shale below 

which is one or two feet of impure limestone or calcareous 

sandstone. The remainder of the Pleasanton exposed is sand- 

stone and shale, largely the former. Drillings show a wide- 

spread unconformity within the Pleasanton in both counties 

and at one place north of Princeton the total thickness of the 

formation is only 43 feet. West of Mercer, on Grand River, the 

Trepospira sphaerulata zone was found. 

Howard County.—Stretching from west of Fayette to north 

of Roanoke is an outlier of Pleasanton containing red and drab 

shale, sandy shale, and sandstone, closely resembling the Pleas- 

anton at its nearest outcrop on the west. The best exposure 

is near Roanoke where a maximum thickness of about 30 feet 

outcrops, 
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Platte and Clay counties—In a drill record from near 

Kearney! the Pleasanton is reported 112 feet thick, over half of 

it being sandstone. At Smithville it is reported 110 and 119 feet, 

respectively, in two drillings; in one as shale and in the other 

with a five-foot limestone near the middle. The thicknesses 

given are less than those in outcrops on the east and more ac- 

curate records on the west. In western Platte County and at 

Leavenworth, Kans., the reported thickness varies from 155 to 

173 feet, most of which is shale. In the Lansing shaft two inches 

of coal (Mulberry?) were found nine feet above the base. In 

one of the shafts at Leavenworth the lower part, 68 feet thick, 

is sandy shale. Near Kansas City, Kans., the total thickness 

was found to be 181 feet, the greater part being shale. 

Buchanan and Clinton counties —The nature of the Pleas- 

anton in Buchanan County is well shown in the logs of core 

drillings at Saxton, Mo., and Atchison, Kans. The thickness 

in the former is 128 feet and in the latter 12914. The thickness 

at Lathrop, 117 feet, agrees with these, though sandy shale and 

sandstone are the chief constituents. At Cameron, north of 

Lathrop, the Pleasanton is probably 162 feet thick, nearly all of 

it being shale, largely of a red color in the lower part. The Ovid 

coal was found in nearly all drillings in the county. 

Other northwestern counties——The Pleasanton drillings in 

this territory show a number of beds of limestone, so that 

in places the delineation of its boundary is impossible. At 

Forest City (see page 215), the lower boundary cannot be 

exactly determined. At Maryville, a layer of limestone 

118 feet below the top of the Pleasanton makes it uncertain 

whether a thickness of 118 or 151 feet should be assign- 

ed this formation. Drillings in southwestern Iowa at Bedford? 

and Clarinda® indicate a thickness of 145 and 142 feet, respective- 

ly, for the Pleasanton. 

Shepard, E. M., Underground waters of Missouri: U.S. Geol. Survey Water- 

Supply Paper 195, p. 60, 1897. 

*Norton, W. H., and others, Underground water resources of Iowa: U. S. 

Geol. Survey Water-Supply Paper 293, pp. 963-963, 1912. 

‘Smith, Geo. L., Carboniferous section of southwestern Iowa: Iowa Geol. 

Survey, vol. 19, pp. 618-620, 1909. 



CHAPTER III. 

CHANNEL SANDSTONE DEPOSITS. 

THE CHANNEL DEPOSITS KNOWN AS THE WARRENS- 

BURG AND MOBERLY SANDSTONES. 

CHARACTERISTICS AND AGE. 

Among the most unique features of the Missouri Penn- 

sylvanian are two long, narrow channels filled with sandstone 

and shale which have been eroded in Cherokee, Henrietta, and 

some Pleasanton strata in Johnson, Lafayette, Randolph, and 

other counties (see State map in pocket). Remnants of other 

channels have also been found in many parts of the Pennsy- 

vanian area and many more probably remain to be discovered 

as the net of detailed geologic work is spread over the State. 

The channels are of great scientific interest, for they must 

have been formed during an interval of more or less widespread 

emergence and erosion during Pennsylvanian time. If, ‘as 

suspected, the channel deposits are contemporaneous with 

certain sandstones and conglomerates of late Pleasanton age in 

north-central Missouri, this erosion interval occurred before the 

beginning of the Missouri epoch. The channels are also of 

considerable economic importance, for they removed in places 

valuable coal beds and in others have caused the substitution of 

excellent building stones for comparatively unimportant beds. 

Swallow, Broadhead, and other early investigators in the 

State failed to recognize the significance of the channel deposits 

and considered them regularly inter-stratified with “Lower Coal 

Measure’ beds. Winslow, however, realized their true rela- 

tionships,! and was followed by Marbut2. These writers 

1Winslow, Arthur, The coal beds of Lafayette County: Missouri Geol. Survey 

Bulletin No. 1, p. 18, 1890. Preliminary report on coal: Missouri Geol. Survey, 

p, 24 et al., 1891. The Higginsville Sheet, p. 8 et al., 1892, and also vol. 9, p. 45, 

1896. 

2Marbut, C. F., Geological descriptions of the Calhoun, Lexington, Rich- 

mond and Huntsville sheets: Missouri Geol. Survey, vol. 12, pt. 2, pp. 123, 210, 

270, 331, et al., 1898, 
(91) 
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named the western channel deposits the Warrensburg sand- 

stone and the eastern the Moberly sandstone and described and 

mapped about half of each of them in detail. The present writers 

examined and mapped the remainder of the two larger chan- 

nels in a reconnaissance way and found detached but similar 

deposits in other localities. The areal distribution of the main 

channels is shown on the State geologic map in the back of this 

volume. 

In describing the thick sandstones and sandy shales near 

Dover, Higginsville, and elsewhere in the Higginsville quadrangle, 

Lafayette County, Winslow advanced the theory that they are 

of fluvial or lacustrine origin and fill a channel eroded in the 

adjacent regularly deposited strata during a temporary emer- 

gence. As his principal reasons for this conclusion he gives: 

1. The great thickness of the deposit. 

2. Its long and narrow shape. 

3. The superposition of the sandstone upon the ‘Middle 

Coal Measure” rocks. 

4. The inclusion of fragments of adjacent rocks. 

Subsequent work has fully confirmed Winslow’s theory 

and shown that it is applicable to all parts of the Warrensburg 

and Moberly areas, though postulation of a lacustrine origin is 

hardly tenable. Perhaps the most striking feature of the 

channels is their great depth and length in proportion to their 

width. These old valleys must have been very steep-sided in 

many places. The length of the main body of the Moberly 

channel as now exposed is nearly 40 miles and of the Warrens- 

burg more than 50, while their original lengths must have 

been much greater. The thickest part of the deposits is probably 

about 200 feet, possibly 370 at Higginsville, but the average width 

is not more than two or three miles. Because of their valley- 

shaped cross-section, concave upward, they are wider at the top 

than the bottom, and the highest and widest parts have been 

removed. It is believed, however, that the valleys were never 

appreciably wider and that during their excavation there was an 

abrupt descent into them from surrounding level plains. 

The most conspicuous and probably also the most abundant 

constituent now filling these old valleys is sandstone, though 

there is much shale, some conglomerate, and a trifling amount 

of coal. The sandstones are brown, red, or gray and are micace- 

ous. Some are firm and massive and in part cross-bedded; others 

are thin-bedded and rather poorly consolidated. The shales | 
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are blue and drab, and commonly sandy. In places, as at 

the Moberly clay pit, shales have filled most of the channel. 

The only coal found in the channels themselves is in thin films 

and streaks or in small chunks derived from neighboring ledges, 

but there are some small basins of thicker coal in deposits evi- 

dently connected with channel fillings near Armstrong and 

elsewhere. Pieces of silicified wood and large petrified stumps 

‘are common. There are fossil stems and other plant remains 

in many of the sandstones, and ferns in some of the shales. The 

most significant constituents are the conglomerates which 

lie at or near the base of the channels, either interbedded with 

or overlain by coarse sandstone. The pebbles are both rounded 

and angular and consist mainly of limestone in a very firm and 

compact calcareous matrix. They are several inches in diameter; 

so large that they could have been moved only by water in active 

motion. Many pebbles can be recognized as derived from the 

limestones of the Henrietta or other Pennsylvanian ledges. 

The conglomerates are commonly less than 10 feet thick, but 

occur in both the two main channels and in isolated deposits. 

It is believed that the Warrensburg channel was made by 

water flowing from higher country on the Ozark dome, bringing 

with it sands and muds derived largely from early Pennsylvanian 

sediments. The Warrensburg stream was joined when it 

reached the present site of Missouri River by the Moberly 

River descending westward from an Ozark peninsula in north- 

eastern Missouri, and the united streams continued northward or 

northwestward to the open sea. This condition did not last 

long, for the valleys have all the characteristics of a topography 

as youthful as that of the Red River of the North—deep trenches 

in level plains with very little lateral drainage. Shortly before 

the land was again submerged the channels were choked with 

sediment, swamps with thin peat beds were formed on the flood 

plains, until finally the sea again swept in and covered them. 

The question of the age of the channels is an important and 

difficult one. They are evidently younger than the Cherokee, 

Henrietta, or lower part of the Pleasanton formations, as the 

valleys were excavated in all of these rocks after they were at 

least partially consolidated. They have not been seen to cross 

upper Pleasanton or higher strata. A large and very similar 

channel lies in the Lawrence shale at and near Waldron, Mo., 

and Leavenworth, Kans., but it apparently was not cut down 

lower than the Stanton limestone. If this channel was cut 
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through the Hertha-Wintersel escarpment and the thick lime- 

stone beds above it, as it would have been if it joined the Warrens- 

burg and Moberly channels, it left no evidences that were noted 

during recent and former field investigations. 

Fossil plants collected at Moberly and other places and 

examined by David White show that the channel deposits are 

certainly of Pennsylvanian age, but do not furnish sufficient 

evidence to establish their exact position within that series: 

The presence of these channels undoubtedly indicates some 

period of general emergence and erosion. For several years 

evidence of this could not be found, although the heterogeneous 

character of the Pleasanton formation was recognized. In 

1912 and 1913, however, detailed mapping in districts in which 

the contact of the Pleasanton and Henrietta was well-exposed, 

revealed a wide-spread unconformity within the Pleasanton 

in all of the north-central counties. Where regularly bedded 

the base of the Pleasanton is typically shaly, but the shales of 

some localities are replaced in neighboring areas by sandstones 

that are locally conglomeratic. The thickness of the Pleas- 

anton is variable, not only in the north-central counties, but also 

in other parts of the State. In many places the otherwise per- 

sistent limestones of the Henrietta formation are absent, prob- 

ably because they were removed by erosion and replaced by 

sandstones of upper Pleasanton age. The unconformity was 

accomplished without much warping, or by warping which was 

largely compensated by movements in the opposite direction 

when deposition was resumed, for the Henrietta formation below 

the Pleasanton is essentially parallel with the Kansas City for- 

mation above it. 

The actual connection between the channel sandstones and 

those of the Pleasanton formation has not been and possibly can 

not be made owing to a lack of outcrops, but the writers feel 

justified in tentatively referring the channel deposits to the 

Pleasanton epoch. 

Bain’s Chariton conglomerate of Appanoose County, Iowa, ! 

is evidently the same as that recently found in Schuyler and 

adjacent counties in Missouri. The Red Rock sandstone of 

Marion? and Jasper® counties, Iowa, lies in a channel 214 to 3 

1Bain, H. F., Geology of Appanoose County: Iowa Geol. Survey, vol. 5, 

pp. 394-398, 1896. 
*Miller, B. L., Geology of Marion County: Iowa Geol. Survey, vol. 11, pp. 

153-161, 1901. 

‘Williams, I. A., Geology of Jasper County: Iowa Geol. Survey, vol. 15. 

pp. 316-322, 1905. 
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miles wide that has been traced for 27 miles from Eagle Rock 

northeastward. This sandstone has a maximuum thickness of 

100 feet and has all the characteristics of the Warrensburg and 

Moberly sandstones. Iowa investigators have assigned its origin 

to contemporaneous erosion, but Miller notes its similarity to the 

Warrensburg, and Williams, from a study of the cross-bedding, 

considers it to have been made by a current of water flowing in a 

definite direction. ‘There are other similar channels in Guthrie, 

Boone, and other Iowa counties that may be contemporaneous 

with those in Missouri. 

THE WARRENSBURG SANDSTONE. 

The Warrensburg sandstone fills a channel about 50 miles 

long, extending from north of Lewis station, Henry County, 

northward to the north bluffs of Missouri River. The sandstone 

belt, as at present exposed, has an average width of two miles, 

but just south of the Missouri widens to six miles. 

In northeastern Henry County there are several large sand- 

stone areas that may or may not occupy a part of the Warrens- 

burg channel. Directly west, south, and east of the end of the 

channel, as mapped, no sandstones that appeared to be channel 

deposits could be found, although it is very unlikely that the 

channel began or ended as abruptly as shown (see geologic map 

of State in pocket). 

The Warrensburg sandstone is well exposed in the north- 

western quarter of the Calhoun quadrangle (secs. 28 and 29, T. 

43 N., R. 25 W.), where over 106 feet of it outcrop. In one 

place sandstone extends from 10 feet above the horizon of the 

Fort Scott limestone to at least 77 feet below it. In the vicinity 

of Sand Creek springs the basal conglomerate is exposed, declin- 

ing in altitude southward. Near here Marbut! found 15 feet 

of conglomerate composed of limestone, shale, coal, and sandstone 

pebbles, and associated with thick beds of sandstone. 

West of Post Oak (Lingo City), Johnson County, the top of 

the channel sandstone is on a level with the top of the Henrietta 

formation, but nothing is known of its depth. It contains 

rather large specimens of silicified wood. Between this and 

Warrensburg a number of wells that do not reach the bottom of 

the sandstone show it to be at least 90 feet thick. 

At Warrensburg the channel is one to two miles wide and 

Marbut, C. F., Geological description of the Calhoun sheet: Missouri Geol. 

Survey, vol. 12, pt. 2, pp. 158-159, 1898. 
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at least 87 feet and possibly 175 feet deep. A drilling 214 miles 

north of Warrensburg penetrated 75 feet of sandstone and 100 

feet of soft dark sandy shale, the former a channel deposit and 

the latter of either Warrensburg or Cherokee age. The bottom 

of this drilling is at least 105 feet below the horizons of limestones 

of the Henrietta formation in neighboring counties. 

A very complete description of the characters of the sand- 

stone at the quarries north of Warrensburg has been given by 

Buckley and Buehler! and need not be repeated here. Suffice 

it to say that the sandstone quarried has a light-gray or gray-blue 

color, is cross-bedded in places, and contains films of carbonace- 

ous material in the bedding planes and irregularly distributed 

fragments of coal. Microscopic examination showed it to con- 

sist chiefly of small roundish to sub-angular quartz grains in a 

calcareous and ferruginous cement, with subordinate amounts of 

calcite, mica, chlorite, iron oxide, bitumen, feldspar, and clay. 

It closely resembles the stone at White Rock, near Miami 

Station. 

Several outcrops in the vicinity of Warrensburg show the 

valley-like shape of the bottom of the channel. Irregular 

deposits of coal have been found just below the sandstone, 

and in the bed of the branch in the NW. 44 NW. 4 sec. 26, 

T. 46 N., R. 26 W. there are two beds of limestone dipping at a 

high angle and overlain by arenaceous channel deposits. 

North of Warrensburg the channel averages probably 

11% miles wide. It lies just east of Fayetteville, and in southern 

Lafayette County is deflected slightly eastward so as to underlie 

the town of Higginsville. A drill hole near the Higginsville 

depot passed through 68 feet of surface material and penetrated 

120 feet of sandstone, the lower part said to be “saturated with 

asphaltum.’’ Below this sandstone 162 feet of shale and 20 

feet more of sandstone were found, the latter resting on Mis- 

sissippian limestone. As at Warrensburg, it is questionable 

whether the material below the thick sandstone should be referred 

to a channel deposit or to the Cherokee shale. Other drillings 

show more sandstone, but the one quoted seems to be the most 

reliable. The sandstone extends to at least 150 feet below the 

horizon of the base of the Henrietta. Coal is mined on both sides 

of the channel and is cut off sharply where entries have been 

driven to the edge of the sandstone. 

1Buckley, E. R., and Buehler, H. A., The quarrying industry of Missouri: 

Missouri Bureau of Geology and Mines, vol. 2, 2d ser., pp. 272-277, 1904. 
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North of Higginsville the channel abruptly widens to more 

than six miles along the south bluffs of Missouri River, presum- 

ably exists below the alluvium of that stream, and is exposed 

in one small area east of Lakeview in the north bluffs. 

The widening north of Higginsville seems to indicate that 

the stream which carved the Warrensburg channel flowed to the 

north. The evidence furnished by the cross-bedding was found 

to be unreliable and the present altitude of the channel’s base 

_also has little significence, since post-Pennsylvanian movements 

have undoubtedly altered it slightly. When the bottom of the 

channel is plotted with reference to some known horizon, such 

as the base of the Henrietta formation, conclusions may be drawn 

with more certainty. In northern Henry County the base of the 

sandstone in the lowest point yet found is at least 77 feet, at 

Warrensburg 105 feet, and at Higginsville 150 feet below the base 

of the Henrietta. The fall south of Warrensburg, according 

to these figures, is 1.4 feet per mile, and north of Warrensburg 

about 2 feet per mile, the apparent difference in gradient being 

due, possibly, to the greater amount of limestone through which 

the channel was cut at the southern end. The hypothesis of 

northward flow obtained from the data given above, rests on the 

very probable assumption that, at the time of the making of the 

channel, the beds through which it was excavated were horizontal 

or nearly so. Unfortunately, the available data are rather 

meager, so that it is impossible to state definitely that the lowest 

channel deposits yet found in the localities mentioned actually 

lie in the lowest part of the old valley and not on its lower slopes. 

THE MOBERLY SANDSTONE. 

The Moberly channel extends from south of Madison, in 

Monroe County, west to Chariton River south of Salisbury. 

Its length is nearly 40 miles and its average width less than 3 

miles. The maximum depth shown in drill records is about 200 

feet. Although not as long as the Warrensburg channel in actual 

connected outcrop, its original length may have been almost 

as great, for it has been eroded away at its eastern end, in com- 

pany with the other Pennsylvanian formations that formerly 

covered the Mississippian rocks in eastern Monroe and neigh- 

boring counties on the east and north, and is lost in the flood 

plain deposits of Chariton and Missouri rivers at its western end. 

On Milligan Creek, Monroe County, from above Harris 

Springs nearly to its junction with Elk Fork, are notable out- 
C7 
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crops of reddish sandstone, filling the eastern end of the Moberly 

channel. A short distance above Harris Springs a conglomerate 

appears below the sandstone. East and southeast of Middle 

Grove, Mississippian strata outcrop rather high on the divides 

Harris Springs 

Milligan Creek i 

————— === SSS SSE 
Vertical Scale: |”= 120’ Horizontal Scale: | = 

= 68s 
3 Miles 

Fig. 4. Cross-section through Harris Springs and Madison. (1) Mississippian lime- 

stone. (2) Tebo coal. (3) Bevier coal. (4) Mulky coal. (5) Moberly channel. (6) Glacia 

drift. 

and the Moberly sandstone has in greater part been removed 

by erosion. North of the village, however, sandstone rests on 

the Mississippian in low-lying outcrops and is the only indurated 

rock on the divides for over 3 miles. The total width of the 

channel in this vicinity is about 5 miles which is greater than 

noted elsewhere. 
A tributary of the main channel from the northeast joins 

it near Evansville. This channel is about one mile wide and 

the sandstones filling it farther north and east are well exposed 

on Baker Branch, west of Madison, and on Pedee Branch at the 

edge of Madison. On the latter stream there are 4 feet of both 

angular and rounded pebbles of Pennsylvanian rocks firmly 

cemented in a calcareous matrix, with buff and red sandstone 

both above and below. At Madison the channel is bounded on 

the north and south by Cherokee strata with the cap-rock of the 

Mulky coal at the top, but its eastern continuation is concealed 

beneath drift on the divide between Madison and Holliday. 

It may be that some of the reddish sandstone seen west of Paris 

marks the direction taken by the upper part of the tributary. In 

a few places narrow channels were seen that were evidently small 

branches of the main lines of drainage. 

Along the railroad and Coon Creek from Evansville nearly 

to Moberly are conspicuous red sandstones occupying the north- 

ern edge of the main Moberly channel. <A short distance east of 
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Moberly there are exposed about 75 feet of massive red sandstone 

with intercalations of shale. The city itself is built over the main 

channel where it is 2 to 3 miles wide, as shown by numerous 

drillings that failed to find the Bevier coal, and by higher regular- 

ly stratified rocks that are exposed north of Kimberly, only a 

few miles northwest. In the large clay pit about one mile south- 

west of Moberly there are exposed: 

SECTION IN CLAY PIT SOUTHWEST OF MOBERLY. 

Number. Stratum. : Thickness. 

Feet. 

1 Shialewieht-Colonedsrsan Givgeyepe) =iielel atten fet ett=laliel «l= lel alot =n eller el =ei=l = | 12 

2 Shale, dark-colored; carbonaceous; bears large rounded| 

concretions of siderite and limestone and thin lenticular 

GOI! HENS. cononoooasodODODo UNH ONEOODEOUGHDONR SONOS 20 

3 Sipe, Gheyo, manele lbhGwas4 55 e045 a6 op oooueeauD ou ooUCduS — 

Plant remains, especially ferns, are plentiful, though compar- 

atively few species are represented. Fossilized tree stumps are 

often dug out. It is reported that much more shale was found 

in a drilling made below this exposure. There were 50 feet of 

clay shale at another pit 114 miles west of the city. The quantity 

of only moderately sandy clay shale in parts of the channel so 

close to thick sandstone beds is very surprising. The north 

side of the channel is different, however, for a shaft sunk one mile 

north of the Union railroad station penetrated 115 feet of sand- 

stone below 85 feet of glacial drift. Below the bottom of the 

sandstone, which is at about 675 feet above sea level and 50 feet 

below the Bevier coal horizon, are two thin coal seams and some 

beds of clay and shale lying in the lower part of the Cherokee 

shale. In some of the mines near the Wabash railroad about 

2 miles west of Moberly, the north edge of the sandstone was 

found replacing the Bevier coal bed and similar deposits probably 

reached lower depths a little farther south. 

From a point about 2 miles southeast of Huntsville west to 

three miles beyond the Chariton County line the Moberly chan- 

nel has been carefully examined and mapped by Marbut,? 

who showed conclusively that the phenomena can be accounted 

for only by the presence of a deep channel and not by any ir- 

iMarbut, C. F., Geology of the Huntsville quadrangle: Missouri Geol. Sur- 

vey, vol. 12, pt. 2, pp. 312-371, 1898. Map republished in revised form in vol. 

11, 2d. series, Missouri Bureau of Geology and Mines, 1912. 
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regularity in the deposition of the Cherokee shale. In this 

area the outcrop of channel-filling sediments is two to three miles 

wide and of unknown depth in the middle, although it is certain 

that it extends to below the Bevier coal horizon. The deposits 

are chiefly coarse, thick-bedded sandstones, cross-bedded in 

many places and forming bluffs 50 feet or more in height. In 

some localities this sandstone may be seen truncating the regu- 

larly and horizontally bedded Cherokee strata. Where the base 

of the sandstone is exposed on the sides of the channel a rather 

thin but firmly cemented congolomerate commonly lies between 

it and Cherokee strata. 

Although no tributaries have been traced directly into the 

main channel in the Huntsville quadrangle, there are many 

evidences that a considerable drainage system was developed 

some time after the deposition of the earliest Pleasanton sedi- 
ments. Two and three miles southwest of Yates considerable 

sandstone is exposed and in the same locality (center sec. 29, 

T. 52 N., R. 15 W.), the ‘“‘Chaetetes limestone,’ the bottom- 

rock of the Lexington coal horizon, is cut off sharply by sand- 

stone that is strongly conglomeratic near the limestone (fig. 5). 

————————— SO Keer 

Fig. 5. Cross-section showing channel southwest of Yates, Randolph county (Marbut). 

Two miles west of this (sec. 25, T. 52 N., R. 16 W.), two 
small mines were formerly operated in coal basins that lie near 

the base of a channel deposit. Near these mines there is also 

much sandstone and sandy shale that in some places rests on 

the bottom-rock of the Lexington coal, and in others on the 

Pawnee limestone, the top member of the Henrietta formation. 

All of these arenaceous outcrops southwest of Yates were evident- 

ly parts of one small channel that possibly also extended to a 

prospect shaft beside the railroad one mile southwest of Yates, 

but its connection with the main Moberly channel could not be 

traced. In the country northeast and southeast of Roanoke, 

however, there are many places where the Pawnee limestone and, 
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more rarely, the Fort Scott are absent and their places taken by 

more or less sandy shale. The persistence of the limestones of 

the Henrietta formation in character and thickness in neighbor- 

ing territory indicates that they were all originally deposited 

in this area also and were afterwards removed by erosion. 

Shafts and drillings at Salisbury revealed 100 to 150 feet 

of sandstone and shale near the surface and no trace of the 
Bevier coal and other regular Cherokee strata that outcrop only 

two miles east of town and on Chariton River between Salisbury 

and Keytesville. Much massive, red, micaceous sandstone out- 

crops near Salisbury, and one mile south of town 30 feet of it 

overlie Cherokee strata that are near the Tebo coal horizon. 

Near Rockford, on Chariton River about 3 miles south- 

west of Shannondale, there are excellent exposures of red, 

micaceous sandstone that fill either the main Moberly channel or 

one similar to it. In a narrow, steepsided valley near the store 

are high walls of this sandstone, some cross-bedded, some thin- 

bedded, but most of it massive. In one place (southeast corner 

sec. 34, T. 53 N., R. 18 W.) it may be seen resting on the upturned 

edges of two two-foot layers of dark-blue, fine-grained Pennsyl- 

vanian limestone that dip 30° to 60° south of east. A well on 

the upland near the head of the valley penetrated 110 feet of 

sandstone below 25 feet of surface material. Up the Chariton 

from Rockford to within two miles of Keytesville Station there 

are sandstone bluffs 75 feet or more in height, with regular Chero- 

kee strata outcropping farther up stream. 

In the region south of Salisbury the topographic relief is 

slight, the altitude low, and the rare outcrops much obscured 

by till and loess. The course of the Moberly channel across 

it is, therefore, doubtful. It seems likely that it was deflected 

to the north to Salisbury and then turned south to Rockford in a 

great bend, though it is possible that it continued its nearly 

straight westerly course from the boundaries of the Huntsville 

quadrangle across Middle Fork to Rockford and that a tributary 

from the north joined it by way of Salisbury. The drift is 

very thick east of the Rockford Moberly area and the absence of 

sandstone outcrops between it and the channel deposits just 

off the northwestern tip of Howard County could be accounted 

for by preglacial erosion. 

There is no trace of the continuation of the Moberly channel 

between Chariton River and Miami Station, 20 miles west. 

This is not surprising, for the ancient river probably followed 
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the present wide flood plain of Missouri River and all traces of it 

have been removed by erosion. If it touched the Saline County 

side of the river it would probably have been raised subsequently 

by the relative uplift to which part of that county has been sub- 

jected, and, in that case also, its deposits would have been sub- 

jected to vigorous erosion. Deposits at Brunswick may have fill- 

ed only a tributary channel. 

Along the bluffs from Miami Station to White Rock quarries, 

a little more than a mile southwest, the north side of a channel 

sandstone deposit is exposed, the rest of it having been remoyed 

during the excavation of the Missouri valley. 

White Rock lies almost directly in line with the direction 

taken by most of the Moberly channel and is evidently part of 

what was a large deposit, indicating strongly that it was formerly 

connected with the Rockford channel on Chariton River. In 

the bluffs near Miami Station the sandstone is brownish-red and 

bears intercalated shale, but at the White Rock quarries there is 

a face of massive, light-gray sandstone composed chiefly of round- 

ed, semi-translucent quartz grains in a calcareous cement. There 

are subordinate amounts of iron oxide, feldspar, and clay, abun- 

dant small flakes of white mica, and many carbonized plant 

remains along bedding planes. The maximum thickness of 

sandstone is said to be about 80 feet. At the north end of the 

quarry Cherokee strata appear beneath the sandstone, which 

disappears completely within a short distance. 

From White Rock the Moberly channel probably continued 

its westerly course and joined the Warrensburg channel north of 

Dover, Lafayette County. The probable coincidence of the 

present Missouri River valley and the Moberly channel from 

Dover to Rockford is interesting. Although the channel 

deposits are more resistant than the Cherokee strata that in 

greater part are now adjacent to them, they are more easily erod- 

ed than the compact limestones of the Henrietta and Kansas 

City formations that formerly extended over this territory. 

During its early stages, therefore, the Missouri would find it 

easier to carve its way through the Moberly deposits than to 

attack the older formations and it may be that this part of the 

river had its course determined by that of the earlier stream that 

once occupied the Moberly channel. 
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OTHER CHANNEL DEPOSITS. 

Outcrops of thick Pennsylvanian sandstone beds lying in 

more or less unconformable fashion on lower strata were found 

at many places within the State. Many of these are, of course, 

nothing more than regularly interbedded arenaceous deposits, 

but where material was found filling narrow, gorge-like valleys or 

containing well-defined conglomerates it is thought worthy 

of special mention. 

Nearly due west of Hallsville, Boone County, on Silver 

Fork, there is a low bluff of sandstone at the horizon of the 

Summit coal and other rocks exposed only a quarter mile up 

stream. Traces of a similar channel were seen on Hinkson 

Creek drainage northeast of Columbia. 

At Duncans Bridge, in the northwestern corner of Monroe 

County, and for a mile or more west and south, there is much 

red sandstone resting on Mississippian limestone in places and 

on Cherokee shale in others. Farther up Salt River more 

red sandstone outcrops and is particularly conspicuous in the 

neighborhood of Woodville, in the southeastern corner of 

Macon County. Near this village are 40 feet or more of mas- 

sive, red sandstone and no sign of the Cherokee strata that 

outcrop within a mile. In several places there are beds of con- 

glomerate near the base of the sandstone, containing limestone 

pebbles in a firm calcareous matrix. Most of the pebbles have 

all the characteristics of Pennsylvanian rocks, some bearing the 

coral Chaetetes and much resembling the highest calcareous bed 

of the Cherokee. Fossil ferns of Pennsylvanian age were gather- 

ed from shaly parts of the sandstone. The material was, there- 

fore, laid down in Pennsylvanian time, but not until after the 

consolidation of at least some of the Cherokee strata. North 

of west from Woodville, on Hoover Creek (SE. 14 sec. 28, T. 

56 N., R. 13 W.), Cherokee beds at about the horizon of the 

Tebo coal are overlain with six feet of conglomeratic sand- 
stone dipping 30° to the east. Sandy shales and sandstones are 

much in evidence in the vicinity. 

A drilling at Cairo, Randolph County, penetrated 23 feet 

of sandstone under 33 feet of surface material,-but its relation- 

ships are not certain, nor are those of the sandstone that replaces 

the limestone cap-rock of the Mulky coal two miles southwest 

of town (center sec. 3). A mile and a half southwest of Macon 
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City (by-road, NW. 4% SW. 4 sec. 20), a small outcrop 

. shows sandstone replacing the cap-rock of the Summit coal in a 

similar manner. 

A few miles southeast of Laclede, at Woodland Mills (near 

center of sec. 14, T. 57 N., R. 21 W.) there is an outcrop of sand- 

stone that is in part conglomeratic at the base. This deposit 

overlies shale and limestone of the Des Moines group, but it was 

impossible to determine whether it is a channel deposit of the 

Warrensburg type or has been faulted into its present position. 

A few hundred yards southeast there are other beds of limestone 

and sandstone dipping at an angle of 80°. Considerable red- 

dish sandstone outcrops in neighboring territory. 

In the territory northwest of Woodland Mills there are 

several localities in which sandstones of the Pleasanton formation 

have peculiar relationships. Near Wheeling, Livingston County, 

sandstones which at one place (sec. 31, T. 58 N., R. 22 W.) 

are apparently resting uncomformably on the Fort Scott lime- 

stone, were found at another about three miles northwest un- 

derlying and involved in folding with limestones of the Missouri 

group, showing conclusively the Pleasanton age of these particula. 

sandstones. Still farther northwest (sec. 2, T. 58 N., R. 24 W.) 

conglomerate, similar to that accompanying the Moberly sand- 

stone, was found in the bed of Grand River, and sandstone known 

to be of Pleasanton age has a thickness of more than 86 feet. 

At Laredo, Trenton, and: Melbourne are massively bedded 

sandstones of Pleasanton age. Drillings at Trenton indicate 

that the whole of the Henrietta formation was removed before 

the deposition of the sandstone. Near Mill Grove and Princeton 

there are thick sandstone deposits of the Pleasanton formation. 

In one place near Princeton (sec. 4, T. 65 N., R. 24 W.) the 

sandstone contains many coal streaks and fossil logs, one of the 

latter being more than six feet long and a foot in diameter. 

Drillings at Lineville that certainly started above the level of 

the Henrietta formation in neighboring territory show only 

sandstone and shale, either because of exceptional dips in that 

district or because the Henrietta beds have been replaced by 

deposits of Pleasanton age. At Mercer, Princeton, and Caines- 

ville most or all of the Henrietta has been replaced by Pleasanton. 

Another area where the Pleasanton possesses many of the 

characters of channel deposits stretches from Boynton, Sullivan 

County, to near Millard, Adair County. A conglomerate is 

exposed at the base of the formation near Youngstown, Adair 

County, south of Rosewood on south Blackbird Creek, west of 
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Fig. A. Warrensburg channel sandstone near Warrensburg. 

Fig. B. Exposure at Woodland Mills, Linn County. 
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Mapleton on Dog Branch, Putnam County, and west of Queen 

City, Schuyler County. The maximum thickness of the con- 

glomerate in this area is 20 feet, which, however, includes in- 

terbedded layers of coarse sandstone. Its correlation with 

Bain’s Chariton conglomerate has been suggested in the dis- 

cussion of the Pleasanton formation. This conglomerate is 

especially significant as, in township 65 north, each successive 

outcrop to the east is at a lower altitude and rests on older beds 

than its neighbor on the west, indicating an eastward slope of 

the surface on which it was deposited. It contains large rounded 

fragments of Chaetetes milleporaceous, not known to be in place 

nearer than 50 or 60 miles to the south. 

A drilling near Millard, Ada.r County', penetrated no lime- 

stone at the Henrietta horizon, although the level at which the 

drilling began is higher than that of the nearest outcrops of that 

formation. Outcrops southwest of Novinger contain sand- 

stone, probably of Pleasanton age, resting on beds of Cherokee 

age. 

A number of peculiar occurrences of sandstone were noted in 

Chariton County and some have already been mentioned as 

connected with the Moberly channel. There is considerable 

difficulty in definitely placing many of these stratigraphically 

for some are certainly channel deposits and others may be 

of the age of the sandstone between the Mulky and Bevier coal 

beds that is so prominent in the Grand River bluffs east of Hale. 

One-half mile southeast of Rothville Station (center sec. 28, T. 

56 N., R. 19 W.) and two miles east (W. 1% sec. 23) there is much 

sandstone apparently occupying the stratigraphic position of 

the Mulky coal and associated shales and sandstones of the 

Cherokee exposed in the bluffs one mile east of the depot. In 

several drillings near Indian Springs (Indian Grove) a surprising 

thickness of sandstone and shale with no coal or limestone is 

reported, while there are many sandstone outcrops in territory 

south of the village. Material of undoubted Moberly type was 

found four miles northwest of Brunswick, on Salt Creek (S. 

line sec. 20, T. 54 N., R. 20 W.), where sandstone that is 25 

feet thick in neighboring outcrops, overlies horizontally a number 

ber of Cherokee strata dipping S. 30° E. at an angle of about 10°. 

At the mouth of Hurricane Creek, one mile south of Glasgow, 

Howard County, there are 60 feet of sandstone, in greater part 

massive, and some sandy shale. This may possibly be a channel 

1Hinds, Henry, The coal deposits of Missouri: Missouri Bureau of Geology 

and Mines, vol. 11, 2d ser., p. 55, 1912. 
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deposit, though the presence of pronounced folding and a heavy 

loess mantle in the area makes this difficult to determine, and 

Broadhead! may be correct in assigning to it a position among 

regular Cherokee strata. 

In Lawrence, Christian, Greene, and Dade counties there 

are some sandstone deposits whose narrow, channel-like form 

has suggested their correlation with the Warrensburg sand- 

stone. The position of the channel is such that it might be a 

continuation of the Warrensburg, a fact which added strength to 

the correlation. However, plants were found and identified by 

David White? as being much older than the Warrensburg. The 

sandstone in these channels is probably the same as that called 

Graydon Springs sandstone and conglomerate by Winslow, and 

Graydon sandstone by Shepard and other writers, which is 

believed to be of Cherokee age. It was apparently deposited 

in valleys eroded prior to the deposition of Pennsylvanian sedi- 

ments. Two of these valleys have been traced for considerable 

distance and named,* “‘the Schoolcraft River, best seen at 

Graydon Springs, and the Swallow River, which has left a large 

bed of gravel, conglomerate,.and sandstone a mile and a half 

east of Aurora. Both of these channels extend northward to- 

ward the Osage.” 

Sandstone and conglomerate, resting unconformably on 

upper beds of the Cherokee shale, cap the mound northwest 

of Walker, Vernon County (sec. 8, T. 36 N., R. 30 W.). The 

basal conglomerate contains boulders of Pennsylvanian lime- 

stone two feet in diameter, and the sandstone above, of which 

there is at least 25 feet, is brown, coarse-grained, and quartzose. 

The base of the sandstone is 12 to 20 feet above the Summit 

coal horizon, though the next mound on the north is capped by 

Henrietta beds and shows no such sandstone in the Cherokee 

shale below. It is to be presumed that the sandstone at Walker 

is post-Henrietta, but that it is of Warrensburg age or occupies 

part of the Warrensburg channel is uncertain. 

A large channel very similar to the Warrensburg channel 

lies in the Lawrence shale member at and near Waldron, Mo., 

and East Leavenworth, Mo. It is described on pages 170 to 

172. 

‘Broadhead, G. C., (Geology of) Howard County: Missouri Geol. Survey, 

Report for 1873-1874, p. 187 et al., 1874. 

2Personal communication. 

*Babcock, E. N., and Minor, Jessie, The Graydon sandstone and its mineral 

waters: Bradley Geol. Field Station of Drury College, Bull. vol. 1, pt. 1, pp. 24, 

1904. 



CHAPTER IV. 

MISSOURI GROUP. 

GENERAL FEATURES. 

The Missouri group is the upper or “‘barren”’ portion of the 

Pennsylvanian series in Missouri, the so-called ““Upper Coal 

Measures’ of early reports. It resembles the upper half of 

the Des Moines group lithologically, but differs from it as a whole 

in having more persistent strata, more limestone, less sandstone, 

and much less coal. The chief difference between it and the 

underlying Des Moines group, however, is faunal. 

From an economic standpoint the group is not so important 

as the Des Moines. Small, local coal mines have been opened 

in Platte, Buchanan, Gentry, Nodaway, and Atchison counties1. 

The shales have been used for the various ceramic industries? 

and in making lime and Portland cement?; they contain an in- 

exhaustible supply of material. The limestones are quarried 4 

for crushed rock ballast and rough building stone and, in a few 

places, notably at Kansas City and Princeton, a small amount 

of dimension stone has been obtained. The sandstones have 

been used for flagging and rough building work, but most of them 

are too soft for such uses. 

At the present time considerable interest is being taken in 

northern Missouri as a prospective oil and gas field and for 

this reason the structure is described in some detail in a separate 

chapter dealing with that subject. 

AREAL DISTRIBUTION. 

The Missouri group comprises the highest consolidated 

rocks in all of Missouri west of an irregular line extending from 

1Hinds, Henry, Coal deposits: Missouri Bureau of Geology and Mines, vol. 

11, 2d ser., 1912. . 

*Wheeler, H. A., Clay deposits: Missouri Geol. Survey, vol. 11, 1896. 

*Buehler, H. A., The lime and cement resources of Missouri: Missouri Bureau 

of Geology and Mines, vol. 6, 2d ser., 1907. 

‘Buckley, E. R., and Buehler, H. A., The quarrying industry of Missouri: 

Missouri Bureau of Geology and Mines, vol. 2, 2d ser., 1904. 
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near Amsterdam, Bates County, to the northeastern corner 

of Mercer County (see Fig. 1). It also outcrops in a large 

territory in adjacent portions of Kansas, Iowa, and Nebraska. 

East of the main area, there are isolated outcrops in Bates, Cass, 

Johnson, Lafayette, Ray, Carroll, Livingston, Linn, Grundy, Sul- 

livan, Adair, and Putnam Counties. The total area is about 

8,000 square miles. 

LITHOLOGIC CHARACTER. 

Shale and sandstone strata constitute nearly three-fourths of 

the Missouri group, which is a series of alternating beds of 

shale, sandstone, and limestone, with a few thin beds of coal and 

clay. The limestones, being more resistant to the processes of 

weathering, are more prominent than the beds of shale and 

sandstone both in outcrop and in influence on the topography and 

have, therefore, produced an erroneous impression that the 

Missouri lithologically differs greatly from the Des Moines. 

The following table shows the thickness of each kind of 

sediment in the group. It should be considered only an ap- 

proximation obtained by taking the average thickness of each 

bed. The heavy sandstones which replace shale in certain areas 

are not included. 

CHARACTER OF SEDIMENTS OF THE MISSOURI GROUP. 

Thickness Percent 

Kind of rock. in of total 

feet. thickness. 

MAA EGRCOMG ars cys sie oncishensonesp taredeseteneneneye ais aie = sae estan 279 25.1 

Popitel caper Nt kdalelht weirs wiry GiGId oid Goa /O,c. Tico rholo tha OlbG Side ic 17 1.5 

Shale areillaceous ss..= Sracee el tereistele. etal et atadep aera eetenene 577 52.0 

SHale/ BANG Y eee, = icheye ce ert woe fe ba eivaal See hea ase eae CREE 158 14.2 

Sandstone < o siccey-cuvo ie cae she sls Cietn ohehatn us tal Seeker ene 63 5.6 

Shale, bituminous oo ee erie = cist sce aps) ote Seispet et eneeetaraer ame 14 1.3 

(ele) epg ce Re tO ONO RE. PECs ceeia hel tes fc beter cme ein 3 -3 

1, 11% 100.00 

The lower part of the group, particularly the Kansas City 

formation, has a larger proportion of limestone, and is often 

reported as solid limestone by careless drillers. Bennett! has 

some interesting figures on the composition of the lower part 

of the group as exposed in the vicinity of Kansas City, Mo. 

‘Bennett, John, The Kansas City section: Kansas Univ. Geol. Survey, vol. 

1, pp. 30-53, 1896. ; 
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CHARACTER OF SEDIMENTS IN THE KANSAS CITY SECTION. 

Thickness Percent 

Kind of rock. in of total 

feet. thickness. 

IMPACHOME. ood ocanioo5 oes oO ooo Dob ood on Dp Coon. 119 S2ne 

Limestone (thin layers in shale)................... 12 5.3 

Shale, argillaceous and bituminous................. 94.6 42.0 

225.6 100.00 

To the north the beds thin, particularly the shales. In 

northwestern Missouri and southwestern Iowa, drillings show 

very little sandstone in this group. The sandstones are usually 

arenaceous phases of strata which are elsewhere argillaceous. 

In Clay and Platte counties, and possibly in other areas, there 

are beds of sandstone comparable with those filling the Warrens- 

burg and Moberly channels. The beds of coal and bituminous 

shale are closely associated with limestones as in the upper half 

of the Des Moines group. ‘The coal beds are fairly persistent, 

though thin and widely separated stratigraphically, and have 

yielded little commercial fuel. 

THICKNESS. 

Broadhead estimated the thickness of the group to be 1,317 

feet. This result was obtained by compiling a general section 

along Missouri River, a method which failed to show the thin- 

ning of the lower members to the north, where they are concealed 

by higher rocks. Drilling in the vicinity of the northwest corner 

of the State shows considerable thinning of all the shale and 

some of the limestone beds as compared with their thickness 

where they outcrop. The probable thickness of the Missouri 

group in Atchison County, where all formations are present, is 

close to 1,000 feet according to the Nebraska City drilling. This 

agrees approximately with Smith’s estimate of 969 feet in 

southwestern Iowa’. That part of the Missouri group which 

is represented in Missouri has a thickness of 1,500 feet in south- 

eastern Kansas. 

Smith, G. L., Carboniferous section of southwestern Iowa: Iowa Geol. 

Survey, vol. 19, p. 655, 1909. 
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SUBDIVISIONS. 

From the great number of formation and member names 

proposed at various times the writer has selected, with the 

approval of Committee on Geologic Names of the U. S. Geological 

Survey, the following as being most suitable on the grounds of 

paleontology, lithology, or priority, as explained at the end of 

Chapter I. 

FORMATIONS AND MEMBERS OF MISSOURI GROUP. 

Formation. Member. 

Undifferentiated 

Wabaunsee formation. shale and limestone. 

Tarkio limestone. 

Scranton shale. 

Howard limestone. 

Severy shale. 

Topeka limestone. 

Shawnee formation. Calhoun shale. 

Deer Creek limestone. 

Tecumseh shale. 

Lecompton limestone. 

Kanwaka shale. 

Oread limestone. 

Lawrence shale with Amazonia limestone bed. 

Douglas formation. Iatan limestone. 

Weston shale. 

Stanton limestone. 

Vilas shale. 

Lansing formation. Plattsburg limestone. 

Lane shale with Farley limestone bed. 

Iola limestone. 

Chanute shale with Raytown limestone bed and 

Cement City limestone bed. 

Drum limestone. 

Kansas City formation. Cherryvale shale. 

Winterset limestone. 

Galesburg shale. 

Bethany Falls limestone. 

Ladore shale. 

Hertha limestone. 



MISSOURI GROUP. tal 

GENERALIZED SECTION OF MISSOURI GROUP, AFTER BROAD- 

HEAD, THE FORMATION AND MEMBER NAMES BEING THOSE 

ADOPTED IN THIS REPORT. 

| Broad- 

head’s Thickness. 

numbers. 

Ft. in. 

Wabaunsee formation: 

SIPC TELA oie dio 0 De HD OOO ODO 6 aE MCMC CaO anoloitiar 3a 5 

Sandstone and shale; sandstone at top, upper three feet 

irregularly bedded and micaceous; green; below, 8 

or 10 feet soft brown; then 35 feet shale and sand- 

stone, red shales in upper part, thick-bedded sand- 

BOBS SHH IONE, 555 CO Oe Coes Hn obonocupDOdnooRuEdCOS 4 47 

Limestone, drab; weathers brown..................--- 5 10 

Limestone, shaly; containing fossils...........-...... 6 3 2 

Limestone, blue, concretionary; traversed by calcspar| | 

WERE. 5 ass Si ois O65 SOD R Oo Ue OOO AGE tote Oe Ce-clG thos 7 1 4 

minalessandy, OF dank Drown Clays... cs 2- cate soe oe ee = 8 2 

Coal (Nyman) impure, and shales, 2-10 inches........ 9 2 

Shale, ochery, sandy; thin streaks where coal is ab- 

BEBiis cog oaddoodosonennoddeanoo ooo dooDUU COO OOn 10 = — 

Rabie lem SAMN yc. sees s «anos sais abeebsutapicsvaiy Sve steve he eenevenavdceverets 11 22 

Tarkio limestone member: 

inmestone ,dark-blue; shaly....2..2-.-.ss2-++e+-20- 1 6 

Shale, green and red, with nodules of limestone...... 1 6 

Limestone, upper part nodular; weathers brown; 

Fi oceybiieysks} ray IDI bbGerbe my og oS COS Ooo OOOO OO cnoS 14 4 

Shawnee formation: 

Scranton shale member: 

Shale, blue and drab; argillaceous.................. 15 28 

Limestone, bluish-drab; fossiliferous................ 16 2 

Staple Die aLOSSILIFCT OMS <1 ai otielieiol cheval = ielisi= tale) sie iehaianclolcliats 17 10 

NAMI S LOMO NET avers nayccelsu eves etesch she selsuatiad scons ayes avec fausiveve 18 2 6 

PRLS OPIS MR Ob manatee oie sucesso afeias susie im Deevaiasatierocenee se, ee 4 19 3 

SanNGsEL One weal CARCOUBE Hpsea cereus cum suonte ee reefers seiete he 20 10 

Shale, blue, argillaceous; thickest where the sand- 

Stone above is' Absent. -- .- - - + «= <> « « ooeceseoors 21 6-13 

Limestone, blue; tolerably fine-grained; perpendicu- 

larivejoimtbted:; weathers DrOWN: <ecle cece oe eee es 22 1 

SUE. 6 Moc ake miteo b Aen earomene a cones ago .cae coe toidicnan® 23 1 3 

Limestone, buff, ochery; easily decomposed; jointed 

penpendicularly;;fOSSiLIGELOUB). (e000 - «cee chee le = = cc 24 10 

Hele ot tear TOL vGale yore, ayers Sra io ueteree ne oats oe ces 25 2 

RNAS SEC Gita. cpepen sh tess tariz~ aneueer her ses ay arttae Ne taken ete ascend oe revajame 26 2 

Shale, clayey and sandy with concretionary layers 

OMSANG YA ONSLONE).\rai-ie here) arene she =| siestetevete mrenecsr =e 27 30 

Limestone, shelly; fossiliferous; local............... 28 4-1 

Shale, gray to black; local...... Rete bei eS a-cone Ge 4-1 

Coal (Elmo); in places represented by black shale.. 4-1 

‘SUIEIS, OIE peace e oe Cecio Deano ane Epovsoese eninge 13 

Limestone, shelly, porous, ferruginous.............. 224 2-4 

Shale; septaria occur near upper part.............. 223 36 

Septaria 6 inches to 1 foot; fossiliferous............. 222 — —_— 

SUMS sasmooecodemanuG Poon co DbOCe ts poems ee Sod 221 48 

aNumbers 3-28 are in the Atchison County section, numbers 224-74 in Mis- 

souri River section. 
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GENERALIZED SECTION OF MISSOURI GROUP—Continued. 

Broad- 

head's Thickness. 

jnumbers. 

| Fl. in. 

Shawnee formation—Continued. | 

Howard limestone member: | 

Limestone, spathic; a 4-inch bed of carbonate of 

iron and lime at lower part; fossiliferous..........| 220 2 

Shale, sandy....ssecscereee pistes)» wipes \.e/snivieyefeisie ats I obo. 2 6 

Limestone; 16 in. to 2 ft.; pyritiferous; very er 

REQTOUB.ais sais 0 ohalelets(elalvicie cette Bose ea BOO OMS OU mises)! PAN 1 6 

Severy shale member: i 
Limestone, arenaceous; not always present; composed) 

Mainly Of OStTACOGE IN enone slate oleheistahelele lel ele So dencwt 217 —— — 

Shale, blue and black, slaty; in northern Nodaway 

County, black concretionary limestone occurs in 

the shales; both are fossiliferous............+.-- .| 216 4 8 

Coal (Nodaway); 4 to 16 inches; divided into different 

seams by 2 to 4 inches of blue clay............-. 215 10 

Sandstone and shales, containing plants............ 214 17 

Shale, argillaceous; fossiliferous...... Doron hobo cosas 213 4 

Topeka limestone member: | 

Limestone, deep-blue; compact; in thin layers with. 

shale partings; fossiliferous; absent in places...... | 212 Yy—-4 

Limestone, ash-blue; FOSSILFETOUB\. om elolaieieiedchene stern |. 211 6 

Shale, brown, with nodular limestone layer; fossil] 

ifOrOUB Ace mee Becta: custeperhe ale eievercho mises BRocdoR Econo. ot |} 210 a 
Limestone, dark aoe blue; fossiliferous........ ate . 209 10 
Shale, calcareous.........+- BS alohelier« Coleieteteleleveteke overt | 208 1 

Shale, blue and black, slaty..... RCo a5 207 1 6 

Limestone, blue; resembles No. 209; fossiliferous. 206 1 4 

Shale, drab; in thick laminae... ... 2. scenes ceceecs 205 2 6 

Shale; dark-preen ce .ccetecie slersyehe siciele olaieisiaieieeteiele fate 204 1 4 

Shale, greene NOU eiseciseteyeuekee eterslalefoielavetet= etetetelters 203 8 
Shale; yellow). ci.06 sess =< Aaeie corse oe dis orsie tats 202 1 4 
Limestone, ash-blue or gray; coarse; sub- oolitio; 

weathers rough; fossiliferous..........+..+.- . 201 10 

Shale; light-green passing into blue; ae fieestaae 

concretions... ........ ayetepciey hatekcbeieeer are eaciene oe 200 2 6 

Limestone ash-blue; rough; shelly; weathers pices 

fossiliferous............ poanoocoues SCecaces ‘ 199 2 6 

Shale, blue......... canobAob SoS Sted Seyi etic ch acre 198 2 

Limestone, FSi blue or buff; weathers eo, fossil- 

NhCy OLN Of Gecee cocks OC OLS nae iavenolshonnleroleirisie Brent 197 2 

Calhoun shale member: 

Shale, brown; fossiliferous. ......sssecercsssss ary 3 196 3 

Shale, sandy, and sandstone...... are esata cea SE ahve 195 4 

Shale, black and slaty; in places contains a thin 

GOS BEAU « 6 «ine oysters win iets ie Or Peo Cote sin athe 194 1 

Shale, sandy, micaceous........... Scalayshaley es e'Tels Eelam 193 3 

Limestone, grayish-Dlue< .. «2 ss occ cewins nes ve emmy) koe i 9 

STaLO ee roatere vuieuetvin siotegete stele ste sVehetetmha/siml elon is ope eavele 191 5 

Limestone, grayish-blue; highly Soacuiimainee & Wiateniee 190 6 

Shale, blue; in places 10 feet thick............+... 189 3 6 

Limestone, dull-blue; 4 to 10 inches; in places has a bed 

of cone-in-cone structure on upper surface ;fossiliferous|; 188 10 

Shale, 3 to 4 feet thick with Fusulina; fossiliferous..| 187 3 

"snl 
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GENERALIZED SECTION OF MISSOURI GROUP—Continued. 

Broad- | 
head’s | Thickness. 

numbers.| 

Ft. in. 

Shawnee formation—Continued. 

Deer Creek limestone member: 

Limestone; ash-gray; fossiliferous.................- 186 15 

Sings, jokes: ehavel lorirbheabualoybising oo guooodoooUbN Oooo a Crmo 185 5 

Limestone; even layer; fine grained................- 184 2 

SMW Goo oS jaoodcodes pooDoo GOD otHOnboUcorooQD DS 183 ii 

IbpPASHAOIME,, [NE Goce SOO ncooUdoCoNOLGoUOOede oC dGOOD 182 5 

Tecumseh shale member: 

SAMBO, oc no HoeodopoKoLOUCHOOoAOmO OD bOUDOuODE 181 2 

Siecles a Go.o aca CGOTMOC OO TIE COOO SIade6 COQ DOs DOO Oo 180: 2 

Shale, argillaceous or arenaceous.............-....- 170 50 

Lecompton limestone member: 

Limestone, dark ash-blue; shelly; fossiliferous...... 169 2 

Single, Claunks Obs + a4 56 bo ooonDUan on OU ODuO bE ce 168 3 

Limestone, light-drab, mottled with white specks; | 

upper part nodular; lower part even; fossiliferous 167 3 

Limestone, shelly and nodular; fossiliferous......... 166 3 

SMogkss, Cid oo a5 Fae Sooo EHSOE ao S DOS HOO Bod 165 3 

Sle. OAC, EAT. b oo omcoooDoDOUOooCUdoOnUOoE DOE 164 1 

Shale, contains Fusulina....... coctwooooecgeteceror 163 4 

iinestones) COmbaims MUISULINA, 2. < oc cee wc cle ne «oe 162 10 

Shale, yellow; contains calearéous nodules.......... 161 9 

Limestone; light-brown; rough fracture; mottled 

with dark-brown streaks and white specks; fossil- 

NERS TAO LIT TSB aE ove EECRORCIO OSD.) OL GO CIO ICROIOIEL RCCL CLONER RC acre 160 | 4 6 

Kanwaka shale member: | 

SIMI, GMAMUECTOWS 5 io.n Ao opobcbonancapooeebaoemoUOD 159 | 5 

(Canis IGE ss Is, Gic-oorb.g ero cro cacko seorolGra © Slob nae Chbed Caches eecie 158 % 

STMCOMA MMi 6 oocopoeoe FDO oe OU OOD ECMO mo 157 9 

(SCE? TOCA eco. c.0.0 Geico femme gine mee enc 6 SiGe Glo ee Oca Cetin 156 ~ 3 

SAO, RMAC AS eo bo boas oaoO one dou CoO ome DID OD COoDU sO 155 8 6 

Limestone; contains Fusulina...................... 154 2 

SMC cA 4 Bias Sodeob Cocoa Oooh Go On boon enone anon 153 9 

Douglas formation: 

Oread limestone member: 

Limestone; 3 to 14 feet; strong, tough, silicious and 

oolitic; even layers; in places cross laminated; 

POSH TROT S o.0 6 win a One OKO Oro.0 Ean, cin Od Chore HOO 152 | 9 

Shale; absent in a few places............ doog@acaquon 151 3 

Limestone, grayish-drab; 27 to 35 feet; irregularly 

bedded; has a few cherty layers; very fossiliferous.. 150 Df 

SUZ alow Comte & ONCE cid Bac iG. CIS Cath OIG atom ha Ged 149 3 

Shales bluerandsblacks Slab.yiers sete 01s eusicitreus tea leneae. = 5, 6 (6 148 2D 

Limestone, blue to gray; even bedded.............. 147 2 4 

SHON). (OVS olarcrcie cis Omiewrc Oo Cr Oe cioic cuoskG. Sy ric elon Came 146 4 

Raley Ma ceuel Oo Oy letreseriavapenenonerexenetatincl easy ercley eben caveat eticuencke 145 8 

Diiale emit pis HeOLr DIC ws. susie ake soa 2 oh coer whehehiane ele meee 144 5 

Pimestone, birth SfOssiliferOuUsS 26 sce + ae le c= 143 7 

iNumbers 171-179 of Broadhead’s section are duplications of some of the 

next lower beds. 

G—8s 
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GENERALIZED SECTION OF MISSOURI GROUP—Continued,. 

Broad- 

head's Thickness. 

numbers. 

: | Fe. in. 

Douglas formation—Continued. 

Lawrence shale member:! 

Shale, white, red and green at top, variable below; 

contains locally 5 to 10 feet of sandy shale and 

sandstone (—Nos. 135 and 142), and 3 inches to 2 

feet of coal which has many clay partings (—Nos. 

WSAP ARG TAD re aie croichec do sa eat ofeuntalres talaiav ater aren eval Mate tes 142-138 |25-100 

Limestone (Amazonia bed); ferruginous; has a 

brecciated appearance where weathered....... coe 137 1-16 

Shale, drab; argillaceous (—Nos. 133 and 136)...... 127 56 

Shale, sandy, ferruginous, calcareous; highly fossil- 

AfEFOUS) (NO! LEZ) ere reretere cs ate os otnipt onela lets Somo.00 ac 126 2 6 

Shales drab tor bust ae cise eereicial yell ateiel eles leieletalets istele 125 6 

Limestone, drab, rough; locally calcareous sandstone. 124 4- 8 

Shale, black, containing locally a thin coal seam..... 123 4-10 

Shale, gray, red, or green (=—-Nos. 129-130-131).... 122 15-20 

Iatan limestone member: 

Limestone, gray, ferruginous; weathers to a brecciated 

appearance; at St. Joseph is 4-5 feet thick; attains 

maximum thickness near Iatan, Platte County 

(—=No. 128); seemingly replaced sandstone in 

southern Platte County; absent in places....... 3 121 4-22 

Weston shale member: 

Shale, drab, argillaceous; in places the upper part or 

whole of this shale is replaced by 50 feet or more 

of sandstone with a thin coal seam locally present 

near the base (—Nos. 116-119); the sandstone is) 

seemingly unconformable at the base............ 120 60-100 

Lansing formation: 

Stanton limestone member: 

Limestone, sandy; fossiliferous........... Fever seresowere 115 3 

Shale, blue or greenish; sandstone present in places... 114 1-16 

THiMEStONGS,  DUihiey. see ses wat st sielerels)alaieiels (niekenoce Sodan so O60 113 3 6 

Limestone, gray; fossiliferous...........+-..0.8 peorann 112 13 6 

Shale, blue; middle 8 inches black and slaty......... 111 5 6 

Limestone, blue; fossiliferous. ..........+eeeeeseees 110 4 

Vilas shale member: 

Shale; usually calcareous or bituminous where thin.... 109 4-19 

Plattsburg limestone member: 

Limestone, blue and gray, with buff shaly partings; 

FOSAUITOTOUSS <> nec cots eens ee ecoieh no sma diac afepekohatet iets 108 18 

Lane shale member: 

Limestone, shelly; in places arenaceous; fossiliferous) 107 1 

Shale, blue and sandstone, buff, white or red........| 106-103 20-40 

Limestone, ferruginous, hard, conglomeratic; fossil- 

ITALOUB actors ers ee oad ese Wladete: sanve™ede els Maw a 102 1 

HEIs Orne O a0. Cho trcmo Cao) eee Caled Socata 5 101 3 

Limestone (Farley bed), hard, ferruginous; 3 to 10 

ft. Contains ALES, LOSSLLA a ous nso lerel ciel ere » eietostrelece 100 3 

DNAS) AWAY vcore, slescieus c) stators (ee varle Rin A boca cieiisns 99 31 

1Broadhead's section of the Lawrence shale is much confused owing to certain 

duplications. : 
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GENERALIZED SECTION OF MISSOURI GROUP—Continued. 

Broad- | 

head’s Thickness. 

numbers. 

| Ft. in. 
Kansas City formation: 

Iola limestone member: 

Limestone, gray and buff; thin and irregularly bedded; 

FOBBETO Ura arin eat iyi is case ee Re ee Gee Ce 98 | 1-43 
Chanute shale member: 

Shale, blue; argillaceous; has ochery concretions; 

fossiliferous; contains sandstone and thin coal bed 

in places..... OG 'S.0) e000 GuCLE RCL chino ChESCiO Oe Genta psu chelOreeesS Gaceb es 97 5-30 

Limestone (Raytown bed), bluish-gray; contains large 

HORBIE..o 0 Go nlee a6.0 coe h Otic CHD he cin b CID oo OLEOG 96 

Shalemplictandsblack Slatyr- ery. sis cst cy-we one cl etic 95 2 9 

Sia ocanas OPER GS Shalit Sais, oO OEEECRO a Oro Ae cRonO aE cect orca rs 94 | 9 

Sal ewtOssilifenO User ten. tes cheeses iw. corieishsiepeuere eenedsue le,rers ts 93 } 1 i 

Limestone, even bed; fossiliferous.................. 92 1 1 

Shale, blue, buff and reddish; in places sandy....... 91 5-15 

Limestone (Cement City bed), drab. .%............ 90 9 

Shale; bilweland olivier 6.5 seuss ee wes rae ORs be atirs Cae A 89 5 

(SHE. Joneial pats Msavorolble Nn alg 5m a moc bo. 6 Oo cioIeLd neon a 88 2 

Drum limestone member: 

Limestone, bluish-drab, irregularly bedded.......... 87b 3 

Limestone, oolitic; very fossiliferous................ 87a 2-18 

Cherryvale shale member: 

SONS code wo cards oben me cos Done ea Oe n noo Deda 86 15 

mimiestone; blue; fOssuIferOUS <i aiu-nsis icles Se ai als wae 85d 1 2 

cl Cm DLULONCI AN. Crh. fewer ey aifenel ch sice Pale welayrels fahsine,onevcr sha aperenie is 85c 2 6 

CO mpOOLEADSeMt 1M DlACCS/-yeiayeiane ii aiell-laveis* cleeseley + os 85b Yy—4 

Winterset limestone member: 

Limestone, very dark blue; silicious; with lenticular 

forms and concretionary beds of black chert; fossils 

numerous, especially in upper part..............- 85a 8 8 

Limestone, dove and drab colored; fine-grained; 

HOME OUWES oo Cone oe Ooaaoe Odo DOCU MOO a emo mOOe 84 9 4 

Sirall CMM Ban farce romeo ah ote reactant Mite cherie eee betas “  & 
Limestone, drab and blue; irregularly bedded; some 

chert concretions; has buff shaly partings; fossili- 

TIOWS os oulinsa's colo OD OO MO DODO HO EO O Fb OO UCI OB tas 83b 5 8 

Suite MIOLULG aetiave ree tateltis kevescice tan edelie tate tete:feetews martabals leirapteties tore 83a 6 

imumestone; blues CONCrebIONALY: . 0). = eu) 2 a cece = os ee 82 1 

Galesburg shale member: 

ISHII, THs bo noob 6 Onmec Cade OgGendnbopodoocoGadane 8i1c 11 

SMOG, IOIEKO ES, IGKINAT bic on Gemoomoooo de boBR on Oooo OMOe 81b 1 7 

ELLOS CLAY evan, sitaytase-avelietsizetin auistsitasiekeleh ctemal ottaier Sieehatlensners a avers 8la 2 

Bethany Falls limestone member: 

Limestone, nodular and shelly; fine-grained......... 80 4 

Limestone, oolitic; attains a thickness of 8 feet in 

places; absent in others........... SiO. ao brcto OOO 79 y-1 

Limestone, dun and gray; fossiliferous; varies from a 

thin-bedded to massive oolitic or ‘‘conglomeratic’’ 78 20 8 

Ladore shale member: 

SHA MOIIVE an PILIACCOUB. con ctsssc acre coe aspaeleys hon ete Sess 77b 2 

PSUai Spe lopkexes ic. TAY IaY aA oteus chet Con met er oMe ea See omy ich) meee era 77a 1 4 
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GENERALIZED SECTION OF MISSOURI GROUP—Continued. 

Broad- | 

head's Thickness. 

numbers.) 

= | Ft. in 

Kansas City formation—Continued. | 

Ladore shale member—Codtinued. | 

Limestone, dull-blue; 14 to 18 inches thick; fossil- 

hi 010: SOIR IOIEPS Oho) obiororers WOm OID Soro Sd SD OCS AAS 76c 1 2 

Shale; blue argillaceouse..) sees ciiela lois cteletaioleteleieranenaters 76b 7 

Limestone, concretionary; fossiliferous.............. 76a 6 

Shale, blue, argillaceous or sandy; contains sand- 

BLONCG IN IPIACEH. cewaratetesvetieverscelsicteisteleaelctete slates shaicnae 75 2-20 

Hertha limestone member: 

Limestone, gray and ferruginous; fossiliferous....... 74 4-18 

KANSAS CITY FORMATION. 

CHARACTERISTICS. 

At the base of the Missouri group is the Kansas City for- 

mation, essentially a lithologic and faunal unit. Beede and 

Rogers grouped the members of the formation into a single faunal 

series but divided it into three stages, making the Drum a separate 

stage from a study of the fauna of its oOlitic phase at Kansas 

City. Girty also found the formation to be marked off from 

those above and below by certain faunal distinctions. At 

Kansas City over half the formation is limestone but to the north 

the amount of limestone decreases. Very little sandstone occurs 

in the formation, but thin beds have been found locally at three 

horizons. The shales are argillaceous or calcareous, but there are 

several persistent layers of black, slaty shale. The total thick- 

ness varies from 225 feet at Kansas City to about 200 feet in 

Harrison County. The type locality is at Kansas City, Mo. 

The outcrop is shown on the State geologic map. 

MEMBERS. 

Hertha limestone member.—The Hertha limestone is a 

resistant, heavy-bedded, gray, ferruginous, crystalline limestone, 

varying from 4 to 18 1 feet in thickness, thinning to the northeast. 

South of Missouri River it is a rather massive, rough-appearing 

limestone. In northern Missouri it usually occurs in two 

beds, the upper about 2 feet and the lower 21% feet thick, with 

shaly, sandy layers of impure limestone above and below. It 
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weathers to a mottled or corrugated appearance which has led 

to its being called a “conglomeratic’”’ or ‘‘fragmental’’ lime- 

stone. In other places it is thin-bedded with shaly partings. 

A few feet below its base there is usually a thin bed of coal 

(the Ovid seam). 

Ladore shale member.—Above the Hertha is a shale member 

varying in thickness from 6 to 30 feet. In the upper part is a 

layer of slaty, carbonaceous shale underlain by a thin lime- 

stone commonly consisting of one or two layers. The remainder 

of the member is composed of shale and shaly limestone, or, where 

thicknesses approaching the maximum are attained, of sandstone 

and sandy shale. In Livingston County the sandstone is very 

firmly cemented. 

Bethany Falls limestone member.—This member is com- 

posed of two beds, the upper of which is about three or four 

feet thick and made up of limestone nodules, that do not appear 

as a rule in natural outcrops but may be seen in quarries or rail- 

road cuts. The lower bed is 12 to 21 feet thick and presents two 

distinct phases, that of a heavy-bedded, pitted or corrugated, 

unfossiliferous and somewhat loosely cemented limestone, as 

at the type locality, or of a thick-bedded oolitic rock. This 

phase weathers into thin beds and is rather fossiliferous. In 

places both types of limestone may be seen in the same face, in 

which case the latter is below the former. The general color is 

light or dark gray. It is locally known as the*‘Spotted-rock.”’ 

Galesburg shale member.—Between the Bethany Falls and 

Winterset limestones is a thin bed of shale, slaty in the middle 

and blue at the top and base. Its thickness in northern Missouri 

varies from 5 to 10 feet. In southwestern Missouri and south- 

eastern Kansas the thickness is somewhat greater. 

Winterset limestone member.—The Winterset is a blue, thin- 

bedded, limestone with buff shaly partings. Its thickness varies 

from 25 to 40 feet.. At many places it is divided into three beds 

by thin shale partings. Throughout its outcrop, the Winterset 

is extremely cherty, a feature that has given it the local name 

“Chert ledge’ at Kansas City, where the chert is dark-blue or 

nearly black and contains an abundant molluscan fauna. At 

Kansas City and east of Liberty, Clay County, the shale partings 

between the three beds are apparently thicker than usual. In 

the northern counties the top of the Winterset limestone con- 

tains many specimens of Fusulina. 

Cherryvale shale member,—Above the Winterset limestone 



118 STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

is an argillaceous or calcareous shale varying from 13 to 25 

feet in thickness. Near the base is a thin layer of limestone 

(Broadhead’s number 85d), that is persistent from Kansas City 

to northern Harrison County. Thin lenticular limestones occur 

in this shale in many places and, in the northern counties, a 

series of thin regular beds of limestone alternating with shale 

makes up most of the thickness. Blue or buff is the prevailing 

color, but in Jackson and Clay counties there is a layer of black 

shale, with a thin bed of impure coal in places. 

Drum limestone member.—The next higher member is the 

Drum limestone. At Kansas City it varies from almost nothing 

to 18 feet thick, and is gray and oolitic. It thins to the north- 

east to 3 to 6 feet but usually retains its oolitic character. At 

Kansas City it is in places divided by a thin shale parting into 

two beds, the upper of which is known as the “Oolitic ledge” 

and the lower as the “Bull ledge.” At Parkville and possibly 

at Liberty it is rather cherty. 

Chanute shale member.—Above the Drum limestone is a com- 

posite shale member, the Chanute. At the base is a bed of shale 

5 to 20 feet thick, in places calcareous but as a rule argillaceous 

and tinged with green, red or purple. Over it is a bed of gray, 

buff or cream colored limestone varying from 5 to 10 feet in 

thickness and here called the Cement City limestone bed, from 

the town of that name in Jackson County, Mo. At Kansas City 

it is known as the “‘Gray ledge’ or “‘Building ledge.” This 

is succeeded by another shale layer 10 to 15 feet thick and, like 

that below, tinged with red or purple in places. In this latter 

phase it is sometimes known as ‘Kimball’? or ‘““Madder dirt” 

to drillers. In other places a thin layer of persistent micaceous 

sandstone is found at this horizon. The upper part of this 

shale is the black “‘slaty’’ variety and is set off from the lower 

portion by a thin but persistent bed of limestone (Broadhead’s 

number 92). Above the black shale is another bed of lime- 

stone, the Raytown limestone bed, 3 to 6 feet thick, gray and 

thinly bedded. To the north it becomes rather shaly in the 

middle. It is characterized by the large size of its fossils and is 

known among quarrymen at Kansas City as the “Calico ledge.” 

At the top of the Chanute member is blue argillaceous shale, 

sandy shale or sandstone that varies from 5 to 30 feet in thick- 

ness. Where arenaceous a thin coal bed may occur. Where 

the upper layer of the Chanute shale is thin it is. commonly 

the blue argillaceous phase. 
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Iola limestone member.—The upper member of the Kansas 

City formation is the Iola limestone. It is a light gray, some- 

what crystalline, and thinly bedded limestone whose shaly 

partings weather to buff. At Kansas City where it is known as 

the “Crusher ledge’ its maximum thickness is 43 feet but to 

the north, along its eastern outcrop it thins to nothing. In 

northwestern Missouri, west of its outcrop, drillings indicate that 

it is present but thinner than at Kansas City. The lower 

portion is usually a single layer about one foot thick, darker than 

the remainder and separated from it by a thin shale parting. It 

is persistent farther to the north than the upper portion and is 

overlain by a few inches of shale and a foot of loosely cemented 

material, largely made up of fossils. This shaly material is 

believed to be the equivalent of the upper part of the member. 

REGIONAL VARIATION AND DETAILED SECTIONS. 

Bates County.——As there has been some confusion in the 

correlation of the three lower limestones of the Kansas City 

formation, it is thought best to give Bennett’s! section along 

Marmaton River near Uniontown, Kans., 22 miles west of the 

Missouri line. This locality is near Bronson and not a great 

distance from Erie, both of which names have been given to the 

beds near Uniontown. The section, slightly modified is: 

SECTION WEST OF UNIONTOWN, KANSAS. 

Number. Stratum. Thickness. 

| 

Fl. in 

1 Limestone, white, upper 5 feet very cherty, lower 20 feet 

somewhat evenly bedded, with an occasional chert con- 

Erehione GWARTEKSEE)icne:seercncnctase eraha laurie erevaecans eskue leqenece um avout 25 

2 Shiahl SMD U UTI OUS were ken atovetenet ai eitwane aiteo cutee stcce Sticee «arc eset Sreucyr aera 3 

3 Limestone, evenly bedded; two layers................... 1 6 

4 Shale“somewhab-areillaceous:s -1<-cccae see Se ee sec es ae 9 

5 Limestone, upper part light-colored, sub-oolitic; lower 

part brecciated or heavy-bedded; even-bedded (Bethany 

IDEM) Soiibcd o-h Oore oon cdg 6 Gb 6.610 chwolS Bro ha AeA eee Gleroreac tence 16 

6 Shalemclaysand DibmMIN OUSey ote ote nesenate choice ao cvere asso) cie.- 4 

di Limestone, evenly-bedded; two layers................... 3 

8 SINGS GER. od 6000, o0lu.0005 ODO Moos Cond Goad obo UO tS Upee 7 

9 Limestone, unevenly and heavily bedded; weathering 

POWIAN (ARIGKHIE) 5 oo on SOOKE Bo Ope YD OnmOArOMA eee Some 22 

10 Shalevidraib varpillaiceouste vie cee-ciees cesnccs/eue oon cnehenetl ec eushae eauete 3 

11 Timestone; dark::oin! bwO layers) ier. ccs: «tevesciialis) sv) =) sete sistsne. oie aie 1 4 

94 10 

1Bennett, John, A geologic section along the Missouri Pacific Railway from 

State line, Bourbon County, to Yates Center: Kansas Univ. Geol. Survey, vol. 1, 

pp. 95-96, 1896. 
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No 9 of this section is correlated by the Kansas Survey with 

the Bethany Falls limestone (Broadhead’s number 78); No. 5 with 

the ‘“‘Mound Valley” limestone (Broadhead’s numbers 83-84)= 

true Bethany Falls limestone; and No. 1 with the ‘Dennis’ 

limestone (Broadhead’s number 85a)=— Winterset limestone. 

The writer, however, differs from this opinion in correlating 

No. 9 with the Hertha (Broadhead’s number 74), No. 

8 with 75-76a-b, No. 7 with 76, No. 6 with 77a-b, No. 5 

with the Bethany Falls! 78-80, Nos. 3-4 with 81a, No. 2 with 

8lb-c, and No. 1 with the Winterset 82-85a. It will be seen that 

with the exception of the thickness of the lowest limestone, 

No. 9 or 74, there is a close agreement with Broadhead’s section, 

even in the minor details. The “Mound Valley” and “Dennis” 

limestones at Kansas City as correlated by the Kansas Survey 

have no black shale between them; in fact, very little shale of 

any kind. In the writer’s experience the thin beds of black 

shale are among the most persistent beds in the Missouri group 

and that this particular layer of black shale (No. 2 of above) 

should entirely disappear between Uniontown and Kansas City 

does not seem probable. As to the thickness of the lower lime- 

stone, it is known to thin to the north along the eastern outcrop, 

though in many deep drillings it exhibits a thickness of nearly 

20 feet. No. 9 of the Uniontown section has been traced to the 

Missouri line, where it has been identified by Broadhead? as 

his number 74, the Hertha limestone. 

The most southerly occurrence of the Missouri group in 

Missouri is on “Rock Mound” (sec. 5, T. 38 N., R. 33 W.), 

capped by the Hertha limestone. This member is here about 

eight feet thick, massive, ferruginous, dark gray on the weathered 

surface, lighter where freshly broken, and with a rough appear- 

ance. Its altitude is approximately 950 feet, about the same as 

the escarpment five or six miles to the west. 

The Hertha limestone next appears in the county on a mound 

on the divide in T. 39 N., R. 33 W. From the north side of 

Marais des Cygnes River, the Hertha and Bethany Falls lime- 

stones cap a series of mounds along the State line to the vicinity 

of Mervin where the main escarpment enters the State, cuts 

across the northwest corner of Bates and enters Cass County. 

The Winterset limestone probably occurs in this area. Out- 

1The Kansas Survey now concurs in this correlation in a letter to David 

White, dated May 14, 1912. 

*Broadhead, G. C., The coal measures of Missouri: Missour: Geol Survey, 

yol. 8, p. 371, 1895. - 

“" 
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Fig. A. ‘Rock Mound” near Hume, capped by Hertha limestone. 

Fig. B. Escarpment of Kansas City formation at Amsterdam. 
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liers of the Kansas City formation are found in Bates County 

as far east as the western part of T. 41 N., R. 30 W., at an alti- 

tude of about 1,000 feet. Some of these are capped with the 

Bethany Falls limestone, according to Broadhead.! 

At the mound on the east line of sec. 13, T. 41 N., R. 32 W., 

the Hertha limestone is eight feet or more in thickness. It isa 

gray limestone with red ferruginous streaks and has a somewhat 

brecciated appearance. A fresh surface shows many sections 

of a shall of the Bellerophon type. 

SECTION AT MOUND IN SEC. 1, T. 41 N., R. 32 W. 

Number. Stratum. Thickness. 

Feet. 

1 SOW Mowat ba Cher bten acy sncvers ei esse chore ates nls c's ehevele sla arava, aoa o alveess 10 

2 Limestone, gray, “‘brecciated’’ (Bethany Falls, base)...... 5 

3 Shale, black, bituminous, and covered................... 3 

4 MeV SA LOMe sank PLA Vos us reer tatelaattamer chatter ae season ene a rt) culeveeus 1 

5 SihalesamancoOvered cue cede avec usia sehen elas oe ns aeevebe ns rekuons: chose 10 

6 Limestone, massive (Hertha), about..................... 4 

Cass County.—The escarpment of Kansas City formation 

enters this county from the south on the western side of range 

32 west, and crosses the county in an irregular line to the north- 

eastern corner. The following section slightly modified from 

Broadhead, was taken at Pleasant Hill. 

SECTION AT PLEASANT HILL, MO. 

Number. Stratum. | Thickness. 

| 
Ft. in 

1 SITIO ERA Analc: gre oaan onl Acid &, Old Gait cul c/o Cae SrORNO Biche Cee RE ace aEeeEe 4 

Limestone; decomposing bed; brownish; ochery== upper 

DALLA EA DErs Sa c Pardee sheer aictane.kt enol smsiacasesei ac ayer scine 4 

3 Sle me Avra Clava ni cetieier in pasicvekermechel s riecesm sore Secale hieae | 4 

4 Limestone, buff; decomposing; with disseminated particles, 

of calcite and fragments of crinoid stems.............. 2 

5 Limestone, silicious, blue; weathers drab; fracture con-| 

LICL bak Sern ota eStenc er eR OR Mi icLeRCNe'a, Coesat Bice OCI RORORER CRE Ree | 3 

6 Limestone, silicious, drab, fine-grained; with numerous) 

specks of cale-spar disseminated; when not too cherty,) 

admits of a fine polish.......... iin OOD Ooch Sao ole Soa z 

1Broadhead, -G. C. (Geology of) Bates County: Missouri Geol. Survey, 

Report for 1873-74, p. 161, 1874. 
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SECTION AT PLEASANT HILL, MO.—Continued. 

Num ber. Stratum. Thickness. 

. Ft. in. 

Limestone, rough and irregularly-bedded; grayish-drab; 

has buff, shaly partings; contains brown and white 

calcite; and rose-colored heavy spar; contains a peculiar 

cylindrical fucoid about an inch in diameter, the peri- 

phery of silicious cherty material studded within with 

minute quartz crystals; some with a calcite band be- 

bel 

tween the inner and the outer part..................- 8 

8 Shale; brown and butt calcareousss mieten ia ataensnenslsiein ns ence 1 6 

9 Limestone, blue, shaly; turns brown on exposure.......... 4 

10 Shale; bituminous eee arsicter ayer eeheteleeleusRenen cach rene ne eens ies renee bomen 1 

11 Shale, blue and bituminous; with Cordaites and an oc- 

Casional knife-ed/re of ieo alice seie ate erate ccelen ties gi atals aasianyee 3 

12 (Gin lonhbienenavelohitn ga oda ao codon dnoUudcnar Oooo MdobOT oOo 

13 Limestone, light-drab, fine-grained.....................- 2 

14 Limestone, oolitic and sub-crystalline; the oolitic bed is 

FOTTUSINOUS ayers elie sae nea ceke, eke /edeielionecenansNal ees yelrallell cia) alte iteheke isin 4 

15 LUNEStOnNe; -Lray;, BHO ys (——VB) ie eee lols ww aie intel aie! ein etal eran 10 

16 Shale, blue and DibwmMmINOUs sr ee an lakel evel chs on ekaeneiai acne eaten 6 

17 Timestone ang: shale fossiliferOus). .s..e s osc) oceks iene element eae 1 

18 SHI 2% celcetes eye tleneveteleteitel oreteanueaerene) omenthoy site inemel «Recast titel it taste imam 4 

19 Limestone, gray; quite ferruginous in places.............. 4 

67 16 

Number 19 is the Hertha; 16-18, the Ladore; 13-15, the 

Bethany Falls; 10-12, the Galesburg; 2-9, the Winterset. This sec- 

tion.may be taken as a type of the base of the Kansas City forma- 

tion throughout Cass County. In the western part of the county, 

the upper members of the formation also occur. The Iola lime- 

stone enters the State from Kansas in the northwest corner 

of the county. 
Johnson Countyx—The Hertha and Bethany Falls lime- 

stones cap a series of narrow ridges and mounds in the extreme 

western part of the county, and in the extreme northwest corner 

the Winterset limestone probably occurs. The residual chert of 

the latter member is found in the southern part of T. 47 N., 

R. 29 W. The easternmost outcrop of the Hertha is on a 

mound in the east-central part of T. 47 N., R. 28 W., where 

its altitude is about 1,000 feet. 
Jackson County.1—The formation, of which Kansas City, 

is the type locality, covers the greater part of the county. The 

Iola limestone, the upper member, extends east to Independence, 

1A report on Jackson County is being prepared and will be published by this 

Bureau within a short time. 
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where it is the highest bed exposed. The following is a genera- 

lized section made in the vicinity of Kansas City and now on 

file in the office of the State Geologist at Rolla: 

GENERALIZED SECTION OF THE KANSAS CITY FORMATION AT 

KANSAS CITY. 

Broad- 

Stratum. head’s_ | Thickness. 

number. 

Feet. 

Iola limestone member: 

Limestone, gray to buff; thinly-bedded; increasing 

in thickness from top to bottom; non-cherty; ‘‘Crusher 

MOC Cleeran cnet amet es elrerraloeira iouells ceive lieWel/ayer eiap erie te fevalic) enaus cajelevehaiess 98 25-30 

Chanute shale member: 

Shale, blue to olive; ocher concretions; fine-grained; 

Blighty ALON ACCOUB xtevs, scsxe ene eye sagas suede cusceeueier ere: celeste 97 21-25 

Limestone (Raytown bed), variegated, gray; large 

HORST etme © QTC OM Le 2 Oger ayeroie, =: exera) <node pe valsesssie Cosas eys'fe eke lone 96 5-8 

CIES 5 coboopoo meds Seo 8 -0-6r0 GLO OOo O10.0 oid oO Eero lsieso cols — (parting) 

Limestone, blue..... OOS cd Oia Otro bc ECO OrES Ut a= 1-1\% 

Simei, lenieibhaahbaeysys| Choro! (his Soo gounb ooo onoUdobOOobOs 95 2 

Ibsen oqgc. comsgodonaoodpoT baShos cpoocmeneooer 94 1-1% 

VEL) Cres LO acre teMecay <ficyatta (ave ctareys! or ot cays) e¥ie: a svelte, vers vehatiapenae usher elie 93 1-1% 

IMIIMER TOME WILE ys Malliyists, <1 ate).cfsbavercieicscl sc chene isis e-e.aereieteenere 92 -1% 
Shalem Live wD Uite an Gere Gls cpssacte« loyel ev eliaveve c eters siete ole saree 91 8-13 

Limestone (Cement City bed), drab; fine-grained; 

“Building ledge,’’ lower half-foot ‘‘flsh tooth ledge’’. . 90 9-10 

AND LSP LUG TUG OL ViC uta ey sans sl ereperovepede oils re) guede viene sere) due oie 89 4 

Siialessvellows; nodular OCMeTYy:;. «i sss selec fe secs 88 3-4 

Drum limestone member: 

TimMeEestone irreswlarky, bedded)... .snce6 scene cee ess 87b 2-3 

Limestone, oolitic, gray; very fossiliferous; ‘‘Oolitic 

LBV VEEP oe Oia oe NO RERE LO CY OF ae ORC ELS CRE CRO CREE cc aCne es 87a 11-13 

SMa, Wise ooo cco oO cob etn CIS Oo Oe RO OR oer eae — 1 

Limestone, gray, seams buff, solid, fossiliferous, ‘‘Bull 

LOCUS Oba teneneRavor cheuckew eis O eccherecenetaer ath eleusherenstere sershersitevenn ioe: — Cau 

Cherryvale shale member: 

SiaA@, CINK oio-O16. choco oOo DOIGIO ODIO Ore Onn 6-0 Cadi oronero eed 86 13-15 

LANE HiCINe, Sao 5 cg od ooo DODO oon d.66-60 Go comemlar —_ 1 

(SIME, GH OG. Ste teteseae bate neon. peee eerie teecicie otal Gicr vane meee | — 

LATRACHICHO)S 6 oo pep boo oat oDdosoaane ob bua doc dod OOURE — 1 

SAeO~5 oes cutGees be EASED oo lath ctbvero Pho o ctu ne ol er RCE — 2 

RUTEPOR LOT OM ped are Fee ana te cM in ct forte Sarit aun ren ec tovemete ete che ata 85d 1 

pont Rey LO Vm LU tt verrae a anccetzaytsnrev ni oan ferrell acne tier on eWevagetenrsperateyioisesston caver ees), s% — 1 

aa a LO MED LUC actemewa iat ses nave euch te Geese tol SbonES Oe HERR: GUS) otabace coene cotwe cis 85e 3 

(CHOI > wo Oat Ostet OMNIS ARO UD ee OT Gacaa conic! DIGI ate) thleepesecue caer 85b — 

Winterset limestone member: 

Limestone, dark blue; black chert in upper 4 ft. ‘‘Chert 

esl OMreetedte cs hoeag i-}-e eve eh vce baisd otros oR AEA erenel taiehan eee ae 85a 12-16 

me em LEC SE LLG: ccs sian trader rateBewa. vtagensl ans cevareoa, tive fe ads wis jeke te — 4-5 

immestone, drab); fine-grained... :...4..+.26c05-s0cs one 84 3-8 

STAC te fore ic 2 deo ota OL DIDIOe DINO Diptera care Bauineo ie, neerseee asec d — % 

BA ITMPOR OTTO stat ctes: nal utpepeets fates fees soensps io let a wdens. alias Seesaw weeeaeemanat s — 2 

STN) 66-21 O Ge OGIO. Chon eee Gees ne Chae ater eT COREE RCC ACN REE —_ 1 

To miaaefS(iomas), OMG) Ke) Chien oo Ap MoD oouUeobodooboHn ous 83 3-5 
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GENERALIZED SECTION OF THE KANSAS CITY FORMATION AT 

KANSAS CIT Y—Continued. 

Broad- 

Stratum. . head's Thickness. 

number. 

Feet. 

Winterset limestone member—Continued. 

Bhal@,(DlUWe . 2:5 Syesschysic sense sve ism Sua ein, epee ee ee eee — % 

Timestone:...vicjo0.S hc tee <0 8, epee ace Re ee ee 82 1 
Galesburg shale member: 

Shale; ‘yellow, ochery: <.-4-,c vies es Riches ei eee ae 1 

Shale, ‘DlWe. 5c ssn is Sessa eras ae ake ee eto et rea eee ee 81c. 2 

Shale; ‘bituminousy, 20< ie trate ata ae tele = ee det ete eee tra 81b 1 

Shale) argillaccous. .7.2-7<nycpete tee aloes wicket linc al ae eae 8la 2 

Bethany Falls limestone member: 

Gimestone, nodular; slelly.. jC. pte ie ie aie eee eaten 80 2-4 

Mimestone, OGLMtICs., .)2 cc 2) oietei yahoo) ata vaunted tates) 3) aaeiprere Tare 79 1 

Limestone, grayish; upper 6 ft. mottled, lower crystalline; 

fine-PPAINEG . Se. i. seo ele a ayer alta oboe ee eee ee aed 78 18-21 

Ladore shale member: 

SUPE eM eee A Se ase eRe rey i hvac, HeME oy ae 77b 2-3 

Shale;, bituminous. “A402 ee cee ws eset oie eee ees 77a 1-2 

Dimestone.(GUlly<.-2.- syste oo cle ueaeecasar tras ie co eee ede 76c 1 

Shale... ft oe te tee ie Sea eee bee Seka oo KOE 76b ) % 

LIMOEBLONG «5 bs) o1216is, 3x os Ss PRR SO BEER eS eee eee 76a 4 

Shale, blued.) edhe . ab ee oe RP Eee ee eee 15; 2-3 

Hertha limestone member: / 

Thimestonec —.... oo sn’: oa oh ees Se CaO eee eee 74 6 

The sections of Broadhead and Bennett essentially agree 

with that given. It will be seen that there is a shale parting 

in the Winterset limestone at this place. The lack of outcrops 

of the Hertha in the northern part of the city caused the parting 

in the Winterset to be mistaken for the Galesburg shale and 

resulted in the mix-up in correlation mentioned under the 

nomenclature of the Kansas City formation in Chapter I. 

With the exception of the Drum limestone and the upper 

shale in the Chanute member, the formation is fairly regular 

throughout the county. The Drum is thin or absent in the 

southern part and is arenaceous in others. 

Lafayette County—The Kansas City formation is confined 
to a few narrow ridges and mounds in the western part of the 

county. As in nearly all mound outcrops, details can not be 
determined very satisfactorily. A section of the formation 

capping the hiil at Greenton is as follows:* 

‘Marbut, C. F., Geological description of the Lexington sheet: Missourj 

Geol. Survey, vol. 12, pt. 2, p. 215, 1898. 

ee 
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SECTION OF KANSAS CITY FORMATION CAPPING HILL AT 

GREENTON. 

Number. Stratum. Thickness. 

Feet 

1 C@mezeiecla(Gonil)s eo ocdco oudien cesd.ciolo cho. o'r o Polelee morc ip aid orcigrone| 12 

2 TLDs 4 Gs 6 oo oot eyo Do Oe aud pn cen bp eno b-beoeo OG omuicun p-oro, clea 10 

3 Sihtall Oem capesiccne smear tem eliceicyicjccie diss er on wer One Ler east ees hecmel muerte arene Nar als) ave 10 

4 IMME S LOM CR pom eeacweie cme ons Sra te = rucdis het suciies ease en eulsniet ect ench ave wheels ere ese 3 

5 STACI a5 BB tro idsea ot ero latencies ko bd core ae nears eee ie Rea psittaci 6 

6 TIANSTSONAE)S Gis ae wo tld o eps. cieAbed, UteiD Gee Dedle ee ce o-oo: a ouceemnegte 2 

No. 2 is probably the Bethany Falls; No. 4, the Hertha; 

and No. 6, a lens in the upper part of the Pleasanton shale. 

Platte County.—The Kansas City formation underlies all 

of this county, but is largely covered by higher formations. One 

exception is the Missouri River floodplain in the southern part 

of the county where erosion has cut through the base of the 

formation into the underlying Pleasanton formation. The 

outcrop of the Kansas City formation is mainly confined to the 

Missouri River bluffs but extends farther north in the south- 

eastern corner. The upper members are shown especially well 

on Line Creek near the east county line. 

The northernmost outcrop of the Winterset limestone 

on Missouri River is along the bluff road in the NE. % sec. 6, 

T. 50 N., R.33 W. The shale immediately above is a Marginifera 

splendens and Chonetes verneuilianus zone as at Kansas City and 

Quindaro. 

Above the Winterset, a limestone in the Cherryvale shale 

(Broadhead’s number 85d) is exposed for some distance. It is 

14 inches thick, in two layers, and is a very hard, fine-grained 

blue stone that weathers to buff. It is little affected by freezing 

and thawing and has been quarried wherever practicable. 

The Drum limestone on the north side of the river differs 

from its development at Kansas City in that it has largely lost 

its oolitic character and is a thin and irregularly bedded, cherty 

limestone. In the old quarry in the NE. 4 sec. 5, T. 50 N., 

R. 33 W. only the upper three feet are oolitic. At the falls 144 

mile below Parkville is the following: 
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SECTION ONE-HALF MILE BELOW PARKVILLE. 

Number.| Stratum. Thickness. 

Ft. in 
1 | Limestone, shaly argillaceous (Cement City DOG!) /- ) .earteabanele 2 2 

2 | Limestone, ArewlaceOuss. ose eve ose cleie om srensiene ia eletelwle) etpiaininiainte 8 

3 Shale, blue and bituminous......... EE SERS ht 2 6 

4 Limestone, thin-bedded, cherty (Drum)................-- | 14 

5 Shale: blue, argillaceouB’.-. <flornrers e eeerelbuvieeie Cees la etree fF — — 

The upper part of the Kansas City formation is better 

exposed in the bluff west of Parkville. 

SECTION OF BLUFF WEST OF PARKVILLE. 

Number Stratum. | Thickness. 

| Ft. in. 
1 | Shale, greenish, arenaceous (base of Lane member of Lansing) 

FOLIATION) ':,5 6 seeseseicie Tacs Vera cesatane a) See ee elena eee aaa a 16 

Os | Limestone, top foot brownish, crystalline, even-bedded; 

remainder thin-and wavy-bedded, irregular (Iola)..... | 20 

3 Shale, blue’and Dubs soe ce r~ Seis we ees ands ele eens 27 

4 Limestone (Raytown. bed) ... ~~ 2. 2. ee ws oe 4 2 

5 Shale, greenish; calcareous): so). 26 5.6.06. tem = sim ol eiel estas 6 

6 | SErTTMVOSTONIO 45 toa. s cm ©, mie ycileve lols) <)icvede ellale: «petal ofap ler ated alinis elite ae on vi 

7 | Shale, brown, slaty, carbonaceous (No. 95)..........-.+--- 10 

8 Timestone’ (OVO. G2) i— eeie ai. ote ove olay sntisl «ele eiete ie ie et aaa 1 2 

9 | Slope; shale shows in places (No. 91)........5...+..++--- 9 

The Cement City bed and the Drum limestone outcrop 

for nearly a mile above Parkville and have been extensively 

quarried. The shale above the Cement City bed contains a 

conspicuous red layer near Parkville. The northernmost ex- 

posure of the Iola limestone in Platte County is about one 

mile southeast of Waldron, where 13 feet of it may be seen. 

In the various drillings at Leavenworth the members of the 

formation appear with few changes. 

Clay County—The Kansas City is the highest indurated 

formation over a large part of Clay County. The base of the 

formation is exposed along Missouri and Fishing rivers and the 

top outcrops in a sinuous line from the southwest to the north- 

east corner with an extensive inlier on Smith’s Fork in the north- 

western corner. Along the south side of the county, on the 

Missouri bluffs and also in the vicinity of Liberty, the lower 

members of the formation are extensively quarried. 
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Broadhead took the following section near Liberty Landing 

(South Liberty): 

SECTION NEAR LIBERTY LANDING. 

Number. Stratum. Thickness 

Ft. in 

1 | INNER. (ONL BEN = poo coor er cso oooneen eno oecooUomsOS = 210) 

2 Sos, Thine, Gi CEOWE. bononpoonn ee coo dadodbaoobbodbe d | 1 

3 Limestone, bluish-gray; in irregular beds (Nos. 82-83)..... | 6 4 

4 SKM, levlierembNooIS. 6 |/INIOs Bib) lap ocHhocansosanvooscconane 2 6 

5 | Shale, blue........ SICICIOD DIDI ICICI icin icncnonOnD 2 

6 | Limestone, dove-colored, nodular (No. 80)..............: 4 

7 imestone: whitish, Oolitic (NiO: 79)). . 3. 2 eee = ole we es se 1 1 

8 Limestone, dove-colored, thick-bedded; fucoidal (No. 78) 14 8 

9 | Limestone, gray; irregularly-bedded (No. 78)............ | 6 

10 Hales DlwIe areUlace ous) MCN. adit)! leet erciette el stele etieter cts eed x feller 2 2 

11 SOM oninwawiOwets coool .- -  AWeeasoesDooasoamacoo acs 1 4 

12 | Timestones areillaceous:| NOs 1G) llenercne «) srelevete eller -p 20-03 usted 1 6 

13 Shale, blue, argillaceous J Sooo aceooocoadooouotos 7 

14 Timesrone;COncretlonalyeccyeween: all) ||ens eususl-seeb ences) arene 6 

15 Shale, blue, argillaceous... i (GNI@=-2/5}) \\o-cr0 ctoto Ha eo.eo ooo aco 2 6 

16 Limestone, gray; weathers brown...... po OKIE es 4 

ilv¢ Limestone, gray; coarse-grained........ GNIO 745) | ree 2 6 

les 22:3 

Numbers 16 and 17 are the Hertha limestone; 10-15, the 

Ladore shale; 6-9, the Bethany Falls; 4-5, the Galesburg; 1-3, the 

Winterset. This section may be considered typical for the lower 

part of the formation. 

The entire thickness of the Winterset is shown in the 

section (Broadhead, modified) at North Missouri Junction 

(Birmingham): 

SECTION AT BIRMINGHAM. 

Number. Stratum. Thickness. 

Ft. in. 

1 iimiestone blue) containing icrimold srry +. ae) ne) octets sheleveis 1 2 

2 Shale eblie; arewlaceousicre cue. tere) ousiasevee-sietsverers:coe.e!Syaveue caves 2 6 

3 Coal, black streak (base of Cherryvale)..................- 4 

4 Limestone, deep-blue, cherty, in irregular layers; at three 

feet from top are 10 inches of shale. ‘‘The top layer is 

shaly and abounds in remains of leaves of plants, probably 

Cordaites, on which are often found reposing univalves 

belonging most probably to the genera Pleurotomaria, 

Murchisonia and Loxonema. This shaly, black band 

passes into the next subordinate cherty beds. The fossils 

are generally of white chert composition on the outer 

erust and blue within, the chert layers deep-blue within, 

changing to decomposing white on the exterior surface”’ 8 8 

5 Limestone in two thick beds; lower ash-blue.............. 9 4 
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SECTION AT BIRMINGHAM—Continued. 

Number.) Stratum. Thickness. 

Ft. in 

6 Shale; blues. fare cniieeiaptere « etwnee otwtal's leieie wind Nida la" ot shaliatet <a ta taka tae | 5 

4 Limestone, gray, in irregular layers...........0ee~weecee- | 5 8 

8 Shale, BIIG.05 s..2:5 < cjeva «teed tes cle eo <}lolin! alotetel steals) ata tatel slat alsietanatels | 5 

9 Limestone, light-gray and somewhat concretionary (base) 

Of Winterset))<, <<. <ie\0 cre falota apo) ecerale Rel aila aie ete ents ai 1 2 

10 Shale, DLW. 95 oi. 250i. 6 ekexeite) o coteh eet aietsie lous) relnte late s/=trtnts eae 1l 

11 SUEUR ok ecehuilo lero OF OOOO SOT od Jock ee 1 7 

12 Shale, blue, ATZUIACHOUSsscc2c05—,0y = 1s arse be os a 

13 Limestone (Bethany, Walla)= os <<< a crepes oe oo ete ote ety ete 20 8 

14 | Shale;, DIWes . d/s-,2 Boos 3 sw aisle aroha rede ea eed e ckee Reecee ener : 2 

15 Slope: to railroad traew ey eis. «cae et~ iets eile oie ee eet alee 5 

In the vicinity of Liberty the Winterset limestone is appar- 

ently somewhat irregular, as shown by the following section 

taken one and one-half miles east, where the road crosses Rush 

Creek: 

SECTION ONE AND ONE-HALF MILES EAST OF LIBERTY. 

Number. Stratum. Thickness. 

Ft. in 

iT | Limestone, very cherty at top (north of road)............ 14 

2 Shale, (le. csc eee a ee alee ates atel« steiner alc bets sfer Set- ht eaieieaan 8 

3 Concealed, no exact measurements could be made on 

account of dip, may be about. ..... 2... sss stsescewens 10 

4 | Shale, calcareous, with limestone lenses (south of road)... . 3 

5 | Limestone, argillaceous with black carbonized plant re- 

Dig: NE A: ee eo As SM ee h SI CDIC Sh oa Gen 1 

6 3 0t:) ee Soe RL Pome iC wy CIN Ore O Tect Ss 8-10 

7 | Limestone) argillaceOuB.. << 66 oj. Sie 6 wae 010s ou brains 6 = ia inin ein eta 8 

8. SHAaVO ws sacra ches spas ase = bn aire alee Ea nimle belles tol wettest colle 14-4 

9 Limestone, upper surface uneven with three feet relief in 

places; near the middle is a 5-inch shale parting; the 

stone above is argillaceous, and below, thin-bedded and 

PUTED 6 65.5 ahere oo. ere.e) els 4,8 wetoue) =v) Wale, 6.6) ke ai al eae teeters arene 15 

10 Shale, BHC os 52)0 dis < fovea haels ape lele nie a © pl edetele dest eiahe sete tetennes 4-5 

11 Limestone, argillaceous, grades into No. 12............++-- 1 6 

12 Shale, blue, argillaceous.....5..J-8:|) 9 we) ileietenmee 1 2 

13 Shale; black, -slatys cc ip cree niatele eel ee (Galesburg) [....... 1 6 

14 SC CEG 3] Le Seti eee ee 2 

15 Limestone (Bethany Falla) . . . isc. cuss weiss uusie sa e/< wormiele 2 

The relief at the top of No. 9 is suggestive of a local uncon- 

formity and for that reason the writer is uncertain as to whether 

the whole section above the Galesburg should be referred to 

the Winterset or whether it includes the Winterset, Cherryvale, 

and Drum members. 
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Northeast of Liberty, near the railroad tracks, are some 

quarries in a limestone which is possibly to be referred to No. 1 

of this section. No good exposures occur below the limestone 

in these quarries. At the quarry west of the Burlington tracks, 

11% miles north, the following is exposed: 

SECTION ONE AND ONE-HALF MILES NORTH OF LIBERTY. 

Number Stratum. Thickness. 

Ft. in. 

1 ILyOM@Slowve, LAMA o5 oo OOD Oooo oasOOULOOoOmoOb bones OOO b nS 1 4 

2 Shale, with thin streak of black shale near bottom........ 5 

3 Limestone, blue, very cherty at top (Drum?)............. 13 8 

4 GOwaeels sca obocdongacnonunoudOoNDOULS Bic clodie cai 6 ao OMe 25 

5 imestone sins DEdsotucnree Kacesw-ucm-feser-s-t-Veusterel caemere) sts eiei= psi cane — 

No. 1 of this section resembles Broadhead’s number 85d, just 

above the Winterset, but a nearby exposure shows eight feet 

of blue shale below the heavy limestone, a thicker body of shale 

than known elsewhere in the Winterset limestone. 

The beds above No. 3 of the foregoing section are exposed 

on Rush Creek about three miles northeast of Liberty, and 

measured as follows: 

SECTION ON RUSH CREEK, THREE MILES NORTHEAST OF 

LIBERTY. 

Number. Stratum. Thickness. 

Fl. in 

1 Shale, arenaceous, micaceous (Chanute)......-........... 15 

2 ILFRACHOME, ERE 5 ooocdobl ~ Ibodnccuoogoobocune 11-12 

3 SIMEWIS, VASIAT CENKEENREOUIS Cool) pon lo co po ncdanssoaendo 1 3 

AGEN Stale se Sern sce eats RES 2h a dee 7 
5 IsTAGHOMD)s 54600000000  flanesboomosmcucconon 6 

6 Hhalesibplackeslatyzinemid dle (GN(O219.5) itera eerie isles) cleus ie 6) = 11 

a Ibplealesiioneve|, fara? (INO, DA) oo acoooteonooboobed oon oops n bus 11 

8 INU Cleo), CrMEVECORIE. 6 ooo edonnoucDboUdooUboUgonbuod 4 

9 COVEHEClo scp oncdononcdoscdDoOduDUoDODOOUAODDODROnOGES 11 

10 Covered, oolitic, gray limestone at top, calcareous shale at 

DOM Soo goo mO oN O No OnO SHOR ooaooNS ODO doSoDCaHORND 5 

11 LUGAR, Go od gS50dnVeH DOD HOUnOECOUnTGOEMoOU FO UNUOBON 1 1 

12 Sineley Gyavel COVEN on oge cae noS oodmo ocr OOOO DDO ODDO OUOUOS 5 

13 Wikoavesynonats, Oke, Claesriny 5 ca ncanpodon abo doo obo DD Ago oRonoaG 6 

14 Limestone, thin-bedded, wavy; shaly partings............ 3 9 

15 SONS WAITS cog gco goo ooU oOo eo OOO ODO Rae DO OO HDC OOS ODDO 3 

16 ibpireaeisinonats}, ING INfO),, Wes Goat oGooocbodoou Uo Ono an 2c CooRusO 1 

17 MEN: jew SF Gadd arGoO oo oU Dod Od OUOos oOo UO ROM GOUaS 4-5 

18 IMAM. 450660 DOUabOnwoOoFaDaOoMaOO oc Ono DOU DOeD DONC C 1-2 

19 Shale, blue; to water in Rush Creek.................:.. + 8 

G=9 
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Numbers 13 to 18 are believed to be the Drum limestone. 

Near Liberty the Raytown bed is fairly uniform. The 

black, slaty shale below is absent in places but small, round 

concretions mark its horizon. ‘The upper shale bed of the 

Chanute varies from 11 to 32 feet; where thin, it is a blue argil- 

laceous shale, but where the maximum thickness is attained, 

it is sandy and locally contains a thin coal seam. The upper 

member of the Kansas City, the Iola limestone, varies from 5 

to 11 feet but its other characteristics are fairly constant. 

In the vicinity of Smithville there is a rather extensive in- 

lier of the Kansas City formation on Smith’s Fork of Platte River. 

The section shows the same beds as at Liberty but with even a 

wider range in thickness. The following is a generalized section: 

KANSAS CITY FORMATION NEAR SMITHVILLE, MO. 

Number. Stratum. Thickness. 

Feet. 

1 Limestone, gray, thin-bedded............0..s00- 8-14 

2 Shale; DW Ors ev ay waiciace ciene ce Manccechcuatencketehar che eaetenels | (Iola) 4-1 

3 Limestone, even layer; contains fossil sponges... 1 

4 Shale, blue; argillaceous; calcareous at top in places (No. 

DIT) ale cavern laife'teiey erpayehalsay/aie) fetal ate teeteens yay svchost wal ete) ea sealer chet neea 3-20 

5 Limestone, thin-bedded, with shaly partings; a coarse- 

grained crinoidal layer at base (Raytown bed)........ 3-44 

6 Shale, black, slaty where thin, but with dark clay shale 

-above slaty portion where thick (Nos. 93-95)........ 1-7 

7 Limestone; even layer \C(NOl'92) 2 oc. <5 » ule efeiwicis eine el wleleteneiene 4-1 

8 Shale, blue or buff, contains a hard layer of micaceous 

BANGBLONE IN PlACESs <5 7<y)elene chess tel ielel wjst~ wietel wate a ceieiey stan 10-15 

9 Limestone, gray (Cement City bed)...........ccceeeeeee 5-6 

10 Shale jereenish® (N59) \is,0).cereveicvcrel/« c)alatal(e)afakelecsitetete teaieaayenanane 5-10 

11 Limestone, gray, oolitic in places (Drum)................ 6-8 

12 Shale, blue’ (Cherry-vale)) (<0. 7. asian vohera tai mv sy eae no) ose peers 9+ 

In the vicinity of Holt, Clay County, the upper part of the 

Kansas City formation is well exposed: 

GENERALIZED SECTION NEAR HOLT. 

Number. Stratum. | Thickness. 

| Ft. in 
1 Limestone, thin-bedded, crystalline{ = )...........ee+.% | 7 

oF uiGhaleMectes: Lo. cocite ees A et (ola). Ad. he eRe | ake 
3 LIMESsTONG WKS ADO VE .dic%e 5 ssc saree le ey nee eiatene ta tole aint | 1 8 

4 Shale (NGs QZ) soe one isisheid Seip bis, vena ie) rate eee ea wie eRher een one /15-20 

5 Limestone, gray; weathering buff; thick- to thin-bedded; 

with 2 feet of black, slaty bituminous shale 6-8 inches 

above bottom (NOS. 92-96) .6. cc cccsceneenecrsceness 6 

Pe ee oe 
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GENERALIZED SECTION NEAR HOLT—Continued. 

Number. Stratum. | Thickness. 

| Ft. in. 

6 | Sandstone; at top firm and micaceous; soft drab shale at 

| joes (NO: (3D) 55 05a 00d ¢0d000cd0ddo soe Guat ao obe oe a5 

7 Limestone, gray to cream-colored; compact; sub-oolitic or 

shelly and argillaceous (Cement City)................. 3-5 

8 | Shale, soft drab (Nos. 88-89).....---...2eee cece eset eens | - 15 

9 Limestone, gray; fine-grained with shale partings (Drum)| 3 6 

10 Limestone composed mainly of Fusulina................. 8 

itil Shale, purple or blue; argillaceous (No. 86).............. 19 

} 

Good outcrops of the Kansas City formation occur near 

Excelsior Springs. The following section, taken on Dry Branch, 

shows the greater part of the formation, though details are 

lacking. 
SECTION AT EXCELSIOR SPRINGS. 

Number. Stratum. Thickness. 

Ft. in. 

1 Limestone; upper foot buff, gray below; fine-grained; thick- 

to thin-bedded with chert (Iola)..................-.2-- 6 

2 (Cronresctely eiorouviic Ro osu suouGbdoeon Wo ovomoegeveducdooddcs 60 

3 Limestone, blue, weathering buff; cherty in upper part; 

with beds averaging 20 inches, thinner-bedded below 

(CWAANKITOM)) ote-cis cha SOO INO OS OIO6 oO ALOd OO CO Cece acLG 14 

4 (COWMEHICs o.oo be DOO ODOR DOO Dh Mobo oe OOoe tO OOO dm One bento 15 

5 Limestone composed of unconsolidated nodules........... 2 

6 Limestone, massive, gray (with 5 is Bethany Falls)........ 14 

7 Shales bluesand bituminous! (CNiOs W)r ce ee ws ne ne le ee 3 

8 nimesbonem (NO OC) me rsrebencrercicieterey sliclehetehevevevetste ays sie sciescvenens 3 

No. 3 of this section certainly includes Broadhead’s numbers 

84 and 85a and possibly his 83b, and there are no partings of 

consequence, as at Liberty and Kansas City. The upper part 

of the Winterset weathers to a buff, brittle, shaly texture. . 

Ray County—The Missouri group is represented in this 

county by the Kansas City and Lansing formations. The 

latter covers a very small area in the northwestern corner of 

the county, forming a part of the Lathrop upland. The three 

limestones at the base of the Kansas City formation cap a well- 

defined escarpment, extending in an irregular line from the south- 

west to the northeast corner of the county, and, in places, 

reaching an elevation of 150 feet above the lowland. 

The easternmost outcrop of the Kansas City formation 

on the north bluffs of Missouri River is a little east of Orrick, 

where the Bethany Falls is about 15 feet thick and the Hertha 
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about 51% feet thick, with 9 feet of shale between them. In the 

vicinity of Rayville the thickness of the Bethany Falls lhme- 

stone is 16 feet. It is known locally as the “Spotted rock.” 

The Hertha limestone is 5 feet 2 inches to 5 feet 4 inches thick, 

in two layers with a shaly parting. The Ladore shale between 

these is about 10 feet thick here, but southeast of Lawson 

reaches nearly 20 feet. The Kansas City formation in the south- 

eastern part of this county is discussed in detail in the report 

on the Richmond quadrangle. 1 

The higher beds of the formation are well exposed in the 

vicinity of Elmira: 

SECTION ON CREEK NEAR RAILROAD, ONE MILE SOUTH 

OF ELMIRA. 

Number. Stratum. Thickness. 

| | Ft. in. 

1 Himestone, gray. crystalline: (lOlD)|. ccyeeieie cols) <ieisvainta alana | 7 

2 Shale, arenaceous, micaceous; with streak of coal 15 feet) 

above) base (Nios 97). a c.s.aidsweise ose = cleleieiel elma | 25 
3 Limestone and shale (Raytown bed)...........eessee-s: | 5 

4 Gowered! SLOPES cya sap ole ter a)lel ehole) ofa) slekadnte «fpialeialeleNetelakelbieie iste ncn 20 

5 Limestone, gray to almost white; suboolitic, massive to 

shaly (Cement \City, Wei y i.) cis one eke ieltes a1 ole alle leneletslaiat = tet etente 3-5 

6 SCS Ge Ror ne ccaOcIO ODO OC GoD Gamo ddobaodebIecoIs Se }. 15 

¥f Limestone, nodular; in thin beds with heavier shale part-| 

INS CELUI) reeks sicjeve ejave eheierene platen ei akelel sek chee che ieee teats | 2 2 

8 Shale..... BIGOT OLIIOO DO OOOO OOD -COMIn toMy Ss 2 oie oS | 3 

9 Limestone, even-bedded, very fossiliferous............... 4-6 

10 Shale, light) blue; to bed! of creelss 5 sem ae» ona 6 -terewene ene enna 3 

In the second cut south of Elmira, No. 5 of above is 10 feet 

thick, the lower two feet constituting a single layer, fine-grained 

at top and bottom and “‘conglomeratic”’ in middle, the remaining 

8 feet being shaly, nodular limestone and inter-bedded shale. 

In the first cut north of Elmira the section appears thus: 

SECTION IN RAILROAD CUT NORTH OF ELMIRA. 

Number. Stratum. Thickness. 

Feet. 

1 Dimestone, (INGS:92)). 0.6 ie sracéve nieve elwinie 6 sieves el aie /eicts alas anaes —_ 

2 Shale sUrabs fo ceyhe a hale o es hares tere ere bateneene een enenens 5 
3 Sandstone; ‘firm; MICACOOUS.. e< cic eis, a\c.clejaitiee eaters lalate alot 3 

4 SHalep TAD se aes wie aia.» whee wail ye a. a ure atelier ie tote tata tet etsy aie Rianne 6 

5 Limestone, like lower layer of No. 5 in last section (Cement 

Leth p RA Cee POMP IO RTS FPO ey AO ie DEA Ou Nt eatin 2 

6 PCN tebe) Oe Ori TRIM POCA ONIA inet cca tru tha 15 

iMarbut, C. F., Geological description of the Richmond sheet: Missouri 

Geol. Survey, vol. 12, pt. 2, pp. 252-308, 1898. 
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SECTION FROM CUT ON MILWAUKEE RAILROAD, ONE AND ONE- 

QUARTER MILES NORTH OF ELMIRA TO CREEK BELOW. 

Number. Stratum. Thickness. 

Ft. in. 

1 Limestone, dark, massive, fossiliferous (lower part of 

M@ID) = soo gbactaboe oo ac oops Soe eaoodaDoCoD SCH OODODON 1 9 

2 Shale, sandy, micaceous; upper part dark and 

with ferruginous concretions, lower part 

é Ni SH Gere crercwenedetome Rens tetetetletetesckevevener clos oneuerederelere (No. 97) 20 

3 GOEL, LEMUR. ci doodepoccasoodcoodcucdenonDE 4 

4 Shale, like lower part of No. 2.......cc.2-0ee- 6 

5 Limestone, gray; composed of broken fossils 1 

6 ich] Ofememeuenetetchonclsnapcnereevedstcrsie ster stsicvensacte sieve iateliele (Raytown) 4 

a) HIMES TONE BETA apeteirrcteretaval: evel ovsiseetete ner cvencu siete 8 

8 Shale, calcareous, and thin beds of limestone (No. 95).... 6 

9 ILA SNA, [aTeer (ONIO> LA) Soa gooaceacagcs cag MosoLooKDGRE 1 6 

10 hale sandy, and SANGSLODE!S ois cie-ic.c/+ cc velco 6.0 ss) acs Sic clei 19 

11 Limestone, impure; nodular; rough; weathering shows 

interbedded shale (Cement City)..................... 1G) 

12 WO CLO aed DOLL bpuseeme ere scleacteeteie cin wocte dn. esclarslie cia 6 ye ofentis pe cneray 25 

13 Limestone, gray, massive; sub-oolitic (Drum)............ 1 2 

14 Covered to bed of branch near Crooked River............ 

The limestone correlated with the Iola in this section is 

probably the lower part of that member, as it develops a rather 

persistent shale parting near the base in this region, as shown 

in the section near Holt, Clay County. The Chanute shale is 

much more arenaceous in the upper portion than it is farther 

south and contains a thin coalseam. Six inches is the maximum 

thickness of coal known and this is probably a local thickening. 

The black shale usually found below the Raytown bed is poorly 

developed here but at its horizon are small round concretions. 

The Drum limestone is poorly exposed at this place and is 

probably of greater thickness than given in the section. 

Carroll County——The Kansas City formation is represented 

in Carroll County by the three basal limestones and the inter- 

bedded shales in the northwestern corner of the county and in 

the Blue Mound region in the north central part. These areas 

are table lands, rather even on top, standing 100-200 feet above 

the surrounding country. 

GENERALIZED SECTION IN THE BLUE MOUND REGION. 

Number. Stratum. Thickness. 

Feet. 

1 Limestone, gray; composed largely of Fusu- 

lina’; MObISCCN IN DlACely. se lee eveve ce she ens (Winterset) — 

2 Limestone, gray, thin-bedded............, ‘ &é 8 
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GENERALIZED SECTION IN THE BLUE MOUND REGION—Continued. 

Number. Stratum. Thickness. 

Feet. 

3 Shale, blue; argillaceous, and black bituminous (Gales- 

oie ae ooo oto, MOO omoooconoouoone aga saa co headin sh 8 

Limestone, gray (Bethany Falls) ...*..........sccecencees 10 

5 Interval with sandy shale and firm sandstone in lower 

two-thirds CEaAd Ore) ioc n= che els! aietenas nial alaltsel'slaate/aiatel=ieielainelie 20-28 

6 Limestone, gray; weathering brown (Hertha)............. 4% 

It is safe to assume that the upper part of No. 5 contains black 

shale and a thin bed of limestone above the shale and sand- 

stone. The latter is very resistant and quartzitic in places. 

The Ladore shale has here thickened here quite perceptibly. 

The upper layer of the Bethany Falls weathers to a brown, 

porous material in many of the outcrops in this region. The 

lower layers show the thin-bedded oolitic phase of this lime- 

stone. 

Buchanan and Clinton counties—The Iola and Chanute 

members of the Kansas City formation outcrop near the south- 

eastern and northeastern corners of Clinton County but are 

concealed in most of it and in all of Buchanan County by higher 

formations. The records of borings at Lathrop,! Cameron, 

Stewartsville, and Saxton, Mo., and Atchison, Kans., show the 

character of the formation in these counties to be similar to 

that of other counties lying south and east. 

Caldwell County.—The greater part of the county is under- 

lain by the Missouri group, which is represented by both the Kan- 

sas City and Lansing formations. The latter is found in the 

northwest corner and along the western edge of the county. 

In the vicinity of Braymer the escarpment formed by the three 

lower limestones of the Kansas City, is well developed as shown by 

the profile of the Chicago, Milwaukee and St. Paul Railway. 

Braymer, below the escarpment has an altitude of 755 feet, 

while Cowsgill, west of the escarpment, is 960 feet above sea 

level. In the railroad cut two miles east of Cowgill, 12-14 feet 

of the Winterset limestone is exposed. It is here a thinly bedded, 

finely crystalline, gray limestone. The main ledge of the Bethany 

Falls is 1114 feet thick. Over most of its outcrop it has the 

1For Lathrop record, see Hinds, Henry, The coal deposits of Mlssouri: Mis- 

souri Bureau of Geology and Mines, vol. 11, 2d series, pp. 156-157, 1912. 
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mottled texture that is present at the pve locality and at 

Missouri City. 

The following is a section ionine the succession at the 

quarry of the Breckenridge Stone Company north of Brecken- 

ridge!: 

SECTION IN QUARRY OF BRECKENRIDGE STONE COMPANY NORTH 

OF BRECKENRIDGE. 

Number. Stratum. Thickness. 

Ft. in. 

1 IRyeyel Gher Saye ono Gonoao pe neon cocoon e oD bo DOOD eObooUoS 2 

2 Limestone, gray, thin, irregularly bedded; contains specks 

of calcite and fossils; very little iron.................. 6 

3 SIA. HU. coocggeoopeed ae sonnedendcnodonpecopoon noes 1 

4 SinenS, Wiss, orinewonivn wise 6 sooodancudcanseucduuHooDUGUOED 1 6 

5 SWMalS. jollvinsin, Cirsnileweosowisi, Gonos omeccoococnocoocuuRGooOD 2 6 

6 Limestone, gray, heavily bedded; somewhat shelly on 

surface; upper portion of the ledge shows small specks 

of iron oxide which gives the stone a slightly brownish 

color; center of the ledge has an oolitic texture........ 17 

7 SACHS, sapelonwmDasiOUMe oc opocoocoesbcounUo PC oOcHeLeccuroES 6 

8 Thais. SHIOIMS, SERS .o o oo oo Uo oOo oOOOOd OO CMON GES UD Ho Dud one 10 

9 Shale, blue to dark; non-arenaceous; grades into the bed 

WELOWo.ou agoo oes oun botooDE OO RDO on OOOO Ob AC MODI 1 6 

10 Sita) GA SSUS Up UNA OUS le elon cnc arel s cietal ah eae cele chielich elle ieuetetie ausitere= 1 6 

11 Limestone, bluish-black; probably contains considerable 

HR 39.4 6.628 0.g eA ood & Beare Fado c-S U'e Ono CoG 0 Oo Orie e Gee Uo OOO ced 10 

12 Shale, bluish; of a non-arenaceous nature................ 12 

47 2 

Numbers 9-12 are included in the Ladore shale; numbers 6-8 

are the Bethany Falls limestone; 3-5 the Galesburg shale; and 

2 is the lower part of the Winterset limestone. The parting at 

the base of the Bethany Falls is characteristic of this limestone 

in much of its outcrop in the north-central counties of the 

State. 

The higher beds of the county are exposed in the north- 

western part. At the quarry north of the Burlington Railroad 

east of the Caldwell-DeKalb county line, are: 

1Buehler, H. A., Lime and cement resources of Missouri: Missouri Bureau 

Geology and Mines, vol. 6, 2d ser., p. 108, 1907. 
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SECTION NORTH OF BURLINGTON RAILROAD NEAR THE CALD- 

‘WELL-DEKALB COUNTY LINE. 

Number. Stratum. | Thickness. 

Ft. in. 

1 | Shale; calcareous) a Mass On fossils. .s. sey etele cypeie sielersien tare 2 

2 | Limestone, gray, TOsistanty. 160% <0.) viele) aiele ele ave wisiy ole rieie lanai 1 

3 Shale, clayey at bottom; black, bituminous at top......... aL 4 

4 Shale, buff; brittle; calcareous; grades into No. 5.......... 2 

5 | Timestone, buf: shaly and: sandy. . oo m\cictetsvenciessianslcrersiane ies 4 

6 Shale and nodular impure limestone..........0ce2eeeeees 1 9 

fs | Limestone; in bed of branch; irregular; very uneven on 

18) eR RCRA coat Pa choc Gm Se me Os bee to ses 2 8 

Nos. 1 and 2 agree faunally with Nos. 12 and 13 of the Winston, 

Daviess County section, and are to be correlated with the 

Iola limestone. They probably represent only the lower layer 

of this member as exposed in northern Clay and Ray counties. 

One-fourth mile to the north and at a slightly higher level 

the following section was measured: 

SECTION ONE-FOURTH MILE NORTH OF BURLINGTON RAILROAD 

NEAR CALDWELL—DEKALB COUNTY LINE. 

Number. Stratum. Thickness. 

Ft. in. 

1 ToiMMOSTOME, MAUI. A nieroyete teste rane’, ol chetelers io; siehelpicexata calelia hatch nininiaeateae 1 4 

2 Gimestone, thin, irregular beds; shaly-s <.... 0 << ese viel > «errs ieie 2 

3 Shale, with thin, irregular limestones. ................-:. 1 3 

4 | Limestone; thin, irregular, and with unevenly bedded shales 2 4 

5 | Shale, drab, argillaceous...........-.---0+ +s sees een eeee 5 6 

6 Shale* black} slaty e o.05 ros Rrenel sw ctine ove ta cates tee akon epee ner 1 5 

The last section dips strongly to the south and underlies 

the preceding section. The Nos. 1-4 of the last section con- 

stitute the Raytown bed of the Chanute shale member, and 

the black shale below is Broadhead’s number 95. Numbers 

5-7 of the first section may also be the Raytown bed but if so 

Broadhead’s number 97, 13 feet thick a few miles north, has 

thinned to 33 feet at this place. It is more likely that the 

limestones below the Iola in the first section are merely local 

lenses in the upper layer (number 97) of the Chanute shale. 

The core drilling at Cameron shows the following at this 

horizon; 
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PART OF LOG OF CORE DRILLING AT CAMERON. 

Number. Stratum. Thickness. 

Feet. 

1 SOG, CHCETEOUS: ooadoasoeodsoaoosbccuneaodoomodagoodS 4 

2 IMMACTHOMOs 6 5'-cop boo Deo OOOO ee Oe DOO OOO BOO ODS DOU COS 4 

3 Wal THON. ctro6 a ha Foe Oe ood OO A Oe Oa e AOS Otome aceon ata) 

4 aL OME CL Varre meprcn eh ox hint ieiseeeviny Sconce were rashes «remot tre er ssesecs Buisdeees awelie 4 

5 SMD, o og dasa od dona Ooo ON OS CR ed Doe Sy chee SO a het Clo Orne 4 

6 Sie. lolol. ENTS ooo Boose ooo Onbe noo bile Ae oO oe doe 2 

From this it appears that the Iola member and the Raytown 

bed of the Chanute member form but one limestone near 

Cameron. 

Livingston County—The Kansas City formation occurs on 

the south edge of this county as a northern extension of the Blue 

Mound of Carroll County, in the southwest corner as a continua- 

tion of the ridge between Mud Creek and the “Low Gap”’ area, 

on the divide between Shoal Creek and Grand River, in the 

northwestern portion on the divide between the two forks of 

Grand River, and in a small area northwest of Wheeling. With 

the exception of the latter locality, the basal limestones of the 

group form a well-marked escarpment, in places nearly 200 

feet high. It is also possible that outliers of the Hertha lime- 

stone may occur on the higher ridges in the northeastern part 

of the county but the presence of the drift makes it impossible 

to determine this. 

The Drum limestone is probably the highest member of 

the formation represented in the county and occurs only in the 

extreme northwest corner. (See Grundy County.) 

BROADHEAD’S GENERALIZED SECTION OF LIVINGSTON 

COUNTY. 

Number. : Stratum. Thickness. 

Ft. in. 

1 Limestone, nodular and fine-grained; marble bed (No. 84).. 2 6 

2 Limestone, bluish; irregular layers............. (No. 83) | 3 

3 SMALey Diit wan QuliMeESbONe):, otc sash act ats siete suse Te | 2 

4 imestone;evien layers! (ONION ‘8:2))0 6 oe ere cue sce o clets cuelel clic 1s cue 9 

5 Sil Sm UNO Sil areuensyetensvete teat enelel ls geneweceasweyotes nate) csc tay theyal sion sqonshate 1 9 

6 Soren ep lominvuaciracorisy (ENO tule) Sercoig paren Aap Ciaican Cle eye ce Oren 2 

7 Limestone, nodular (No. 80)...... Bethany Falls lime- 3 

8 Limestone, oolitic (No. 79)........ stone, locally called 8 5 

(2) Ib sbanejsyonaey (GNC) 74) oo Uicin.clo eae ooo “cotton rock” 10 

10 SHADE, LOPS (GENOR (eo oon G06 Coco min Oo O.ckeD et olcun ior Polder 5 

11° Slams. loulribhaaweVoniss (Axor VRE) 6 Ook oped Omni D ond onan Con 1 6 

12 ESE ORE a ONO iO)tatatere, sacar seie nha Riess iatags es tit seer an seis eka wae 10 

13 SHAly BlOVENCNOV Lio) level eta. cr eiars\cheneiehs.s sis al Sil stud. cera sesi /aiel a "oles 10 

14 Limestone, ferruginous (NO. 74).....ccccccrccccercevces 7 



- 
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In a cut on the Chicago, Burlington and Quincy Railroad 

in the northeast corner of section 22, T. 57 N., R. 25 W., is: 

SECTION ONE AND ONE-HALF MILES EAST OF MOORESVILLE. 

] | 

Number. Stratum. | Thickness. 

| Ft. in. 

1 Limestone, sbalyi sc. Sercicjare © ate eke wie wiley Ovotobatese = ore tala retatetat tae 3-4 

2 Limestone, gray, thin-bedded, sub-oolitic...............- | 6 

3 SHAS S 5 syclere Sistas ecalloye ewan one he ee UG alas ta tases yn ge tints eke aren het ee | 1 8 

4 | DaMeESTONE, BTBV ie we Pate sat aha) o Ne tn lolly ww et eliunns Me pak enn O ne hemaiaae aie 10 

5 Shal6; ‘ar pillAceOusicls Srers mo love, speed ee a Se ) 2 6 

6 Shale, black, fissile; bituminous... -... ~~ <<) smiles el | 1 3 

7 Limestone; NOGUIAMs vc cc 12 0:<1 oslo) sete ale apaie) 3 steals teeelteetanerate 3-6 

8 Shale to bottom of tremehe coo cere mie wie sierra ae nea 1 

Numbers 1-4 are the Bethany Falls limestone, the re- 

mainder the Ladore shale. The parting near the base of the 

Bethany Falls is a constant feature in this part of the State. 

West of Utica (W. 1% NE. ¥ sec. 14, T. 57 N., R. 25 W.), 

Broadhead took the following section: 

SECTION ON SOUTH BLUFF OF GRAND RIVER, TWO MILES WEST 

OF UTICA. 

qed Stratum. | Thickness. 

Ft. in 
1 | Limestone, irregularly bedded. ....--5..--2-2s.ceseweswue | 3 

2 Shale, olive and Grab orcs. e ccs 6 cr se min lele nls 2) chehaln aiataias | th 6 

3 Shales DiGumMiInO ws oye. cos coo, Hteieters a cera ate, wel wm lane scape ieee en 1 

4-'|\ Shale ‘dark: clayey. < 3c. 2 os Uae ee oe hee ee ee ee 1 
5 | oimestone, NOGUlan,., .:).05.eieps-c le 6) oe ein wwe elayran pi e[eh emia 6 

6 TsiMOEKtONE, LEAVY. OOUTIC. — 5S ote te wraiel ene seen cag ina one leo 3 

7 Limestone, oolitic, even layer. .........-2.cceeceereresene | 1 5 

8 Limestone, oolitic..........- Pe ie Po oS 2 | at Ee 

9 Tiimestone” Colitio’.< . i= 0 -: © wie elie ole = ce wie) sl met ne ee ene | 2 6 

Numbers 5-9 are included in the Bethany Falls; 3-4, the Gales- 

burg shale; and 1, the lower part of the Winterset. 

The Ladore shale varies from 25 to 30 feet in thickness. 

In the Blue Mound area and at Spring Hill, a resistant, almost 

quartzitic, ripple-marked sandstone is found in the lower half 

of this shale. 
In secs. 22 and 23, T. 58 N., R. 23 W., the Hertha, Bethany 

Falls, and Winterset limestones and intervening shales are seen 

dipping beneath a branch. At this place the Hertha is divided 

by several partings. The Bethany Falls is the same as in the 

sections given above. The following is a section of the Winterset 

limestone and Galesburg shale: 

‘ 

7 = )-= 
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SECTION NEAR HALLOWEEN STORE. 

Number.| Stratum. Thickness. 

At tn 

1 Limestone; thin wavy beds, with buff shaly partings, 

cherty; divided into three beds by partings............ 15+ 

2 Shale, light, argillaceous; grading into next below......... 2 

3 Shales black. fissile: bituminous). = 22 le wis ee ss kole ere 2 

4 Limestone; wavy on lower surface..............-...0000- 3—5 

5 SNe GChezilo-, utilis. o cog Mowe Ce oCoN Oo Moo ae eA OOD 5 

Linn County.—The Missouri group may be present in the 

high ridges in the northern part of this county. It outcrops 

in the southern part of Sullivan, not far north of the Linn County 

line. 

The Hertha and Bethany Falls limestones may also be 

represented by two limestones near Woodland Mills in sec. 14, 

T. 57, N., R. 21 W. The limestone correlated with the Hertha 

is five feet thick, and nearby are fragments of a limestone 

resembling the Bethany Falls. 

Holt and Andrew counties.—No outcrops of the Kansas City 

formation occur in either of these counties, the stratigraphy 

being known only from the deep drillings in Holt County at 

Forest City (see p. 215) and Oregon. 

DeKalb County.—Outcrops of the Kansas City formation 

are confined to the lower course of Grindstone Creek near 

where it passes out of the county. The following section was 

measured near Weatherby in a ravine north of the Rock Island 

Railroad (center of the SE. 4, NW. ¥, sec. 25, T. 59 N., R. 

30 W.): 
SECTION NEAR WEATHERBY. 

Number. Stratum. Thickness. 

Ft, in. 

1 Limestone, gray and shale; very calcareous; nodular; 

fossiliferous (Raytown bed)............0eee2ceeeee og 2 

2 Sia loaner aC COUB aa spcisietoheNoteh nee omenchehchchatck-teheheficl cic shoal st <l>Fele) = 9 

3 Shale, black, slaty, bituminous (No. 95)................. 1 

4 HimMestome ss no cil ar aGNiO. 92) pec. . eastite-tehaksecstaltetsderecheuy sis slleie ss 4 

5 PLL DILGURRooeccpeien shetiey che t-bench moucteh sich sa cnopenopckcasnehneteinpeie ic. ctisictarellevoveue | 12 

6 Limestone; nearly white; uneven at top... | 1 r4s 

7 Limestone, nodular, and buff, and buff) (Cement City) 

Cileeneo i) SNEWS 6 Seed oo odintoo pou on S 2 6 

8 Sees by Stiononnabloold no HOD RD EDO S TOE SUL DODD Dn ObBDE Cor 2 2 

9 Shale, argillaceous; tinged with red in places............. 6 6 

10 Limestone, buff and cream-colored (Drum).............. 3 
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The following section taken in Daviess County, in the center 

of sec. 19, T. 59 N., R. 29 W., on the south side of the creek, 

shows the character of the lowest beds found in the county: 

SECTION ABOUT A MILE EAST OF WEATHERBY, IN DAVIESS 

COUNTY. 

Number.) Stratum. Thickness. 

Ft. in 

1 Shale, with thin regular layers of limestone............... 8 

2 Wb eae oh ee VES Ogos Gaon oe 2 

3 Shale; blue; clayey. ssh sciences (Broadhead’s 85d) 1 2 

4 | Limestone, nodular s..2..0 5.0 wc a on 4 

The whole section is in the Cherryvale shale. 

Daviess County.—With the exception of the flood-plain of 

Grand River, the entire surface of this county is underlain by 

the Missouri group, which is represented by both the Kansas 

City and Lansing formations. The lowest members occur 

along Grand River. Buehler! gives a section along the railroad 

track east of Gallatin, which in substance is as follows: 

SECTION NEAR GALLATIN. 

Number. Stratum. Thickness. 

Fl. in. 

1 Limestone, gray, fossiliferous; weathered shelly along the 

| CPORE OL TIALS «oy aos aie o fats w.0) alte mal inva ms alee meee eae 6 

2 Limestone, gray, fossiliferous; rather thinly-bedded; show- 

ing occasional small nodules of black chert............. 3 6 

3 Mhale BONG ..)sjess s < saiv © viwie’eis vn seis > aisle siaieia aa ite enn / 2 

4 Limestone, gray; irregularly bedded; fossiliferous; showing 

| numerous specks and irregular markings of calcite...... 8 

5 spree ielss VETS Fe Ses Shea Go oso ouoseacoosaeessooy: : / 1 3 

6 \Shale, black 5.22 5 ae iw oa sarge atone oe ee Lo 5G 
7 Shale; SLOWS. sos epole clears s/o roles 10].s/ie)e/alaial ale ea) imei aeiene sie enero 5 

8 Limestone, gray; nodules of disintegrated limestone....... 5 

9 Limestone, gray; weathered to buff along joints; upper 

| portion somewhat mottled (Bethany Falls)............ 9 6 

10) |(SWAIG. 5 aes pe oS cee ps Mowe coe tee. sre oe oe enn ee 2 
11 | LAMORGONE). os, a's, gw e!<) oe wi clade byca bie tect when 'seiraket nica) kee einer 5 

12 Shale, DIWIER=Cray 0 s/s ee aim 6)» opel ele clean le eteretal= eee 6 
13 | CEAII@RLONO ss fsa elevals ao etle eran a jaie) avetainrn alte unre tale colds skate Siemans eta 8 

14 Shale, lower portion black; carbonaceous; upper portion 

BTA CO-DUGE fs is ale 6 claw 615.100 brerepediele sic ane een 4 6 

15 Limestone, gray, heavy bed, fossiliferous................. 1 2 

16 brcsie Bie Ula mia were! (oye .8 Seip tee ie aaa are hye we Re oro oa ars hela / 3 

‘Buehler, H. A., Lime and cement resources of Missouri: Missouri Bureau 

of Geology and Mines, vol. 6, 2nd series, pp. 125-126, 1907. 

a 
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Numbers 14-16 are included in the Ladore shale; 8-13 in the 

Bethany Falls limestone; 5-7 in the Galesburg shale, and 1-4 in 

the Winterset limestone. 

Broadhead gives a section at Gallatin; this section, slightly 

modified, is as follows: 

SECTION AT GALLATIN (BROADHEAD’S SECTION 120). 

Number.| Stratum. Thickness. 

| Fl. in. 

1 SCMS WS IN TOD ono cgoHs sbOodN Rn eOo OER OOOODOGODDOnOanS 35 

2 iIMeRTONE | COALBCfOrEU SUM OMBie eo) ae at <li e-are lees) = -feveie ie eves 1 

3 MBSSTO Toe leeercurs svete rene elec sco ick sratcy eye gone rsecee'ereilete Canists aiisuapehans atavavavaderatirewe 2 

4 | Limestone, drab, rough-looking........................-- 1 6 

5 7 SET SSE Bin hot oe tctariee Sct an Ca ere ence ae ee ieee teers FP aSae 6 
6 Limestone, drab and brown; ferruginous; upper part is 

WELYNe-Srainedri COM PAC berccreicicieyc) eis ayele)slatey ers! elelane sveleiel= | 2 6 

7 | Shale, with thin beds of fossiliferous limestone............ 2 6 

8 Shalygs] ODO emer arenas nels Meare note rarenetces oicleteiel sics Neliererey r= | 23 

9 Limestone, bluish-drab; irregular-bedded; with vein of 

CEU) (UNO 7) Go oe. ao COonDN oor dence. DOO er Oo mn e ecko 4 

10 SUTSSs 4 ocnetao pao CORSO CUO SHO ono On AAC OGG. Soto Oma ee 16 

11 | Limestone, hard blue, coarse (No. 85d)...............--- 1 

OME SILOM OM UNOS SC) aiecim aciorsceren seekers hae ote ora aa ee anes 
13 Limestone, light-drab, nodular and shelly; fine-grained;| 

HUllOTismalleholess (NO: 18406) \..a ois ey orsrcsereicieiee cues cuevevaieleueue 

14 iMmestone; Grab, SUP-OOlLICK . ccke ee ms cosets = sintal oie) =) arava wie oe | 1 6 

15 Limestone, bluish-drab, irregular-bedded, with shale part-| 

ings and chert coneretions (No. 83)................--.; 5 6 

16 Limestone, shaly, irregular and concretionary (No. 83)..... 2 

17 Limestone, in apparently thick beds, but separated by} 

irre wlan dineslof GepoOsib (NOt 83)) serie es s cicle cin Severe eso. | 2 7 

18 Shale, with two thin concretionary limestone beds (No. 83)| 2 

19 Limestone, deep blue, shaly, fucoidal (No. 82)............ 2 6 

20 Limestone, gray; in 4 beds like No. 15.........22.--000-- | 2 2 

21 Shale molivie ks cs yersie scp c ye eveetsrseae austereie Sictie wi cubis ois aciacesecerans 10 
22 SILC MAUL EDINA TAO atexatenacenc taveto tons Mie) cacy ointraie etietiesats) ohm terstensie. Seas 1 

23 Shale, blue and black; passing to a blue fire clay beneath.. .| 4 

24 LORS mabe fe wi atee hin ate vlna arctan es ixedst ieveaatar eels et atay Oaks. ovals Gidea sseue.< = = 

25 Limestone (Bethany Falls) (No. 78)...5....-+.2--ce2eee0:> 10 + 

} 

The numbers given are Broadhead’s own designation of the beds. 

Nos. 13-20 compose the Winterset; 10-12 the Cherryvale shale; 

8-9, the Drum limestone; and 1-8, the Chanute shale; No. 6 is 

Broadhead’s No. 90, the Cement City bed. No. 8 would probably 

show purple shale if exposed. The section shows a close corre- 

spondence to that east of Jamesport in Grundy County. From 

Gallatin to the west county line, there are outcrops of the 

Kansas City formation along Grand River. The Bethany Falls 

dips below that stream southwest of Pattonsburg. 
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A section taken northwest of Pattonsburg (NW. % sec. 14, 

T. 61 N., R. 29 -W., from Big Creek to wagon road to west) is 

as follows: 

SECTION NORTHWEST OF PATTONSBURG. 

Number.| Stratum. Thickness. 

Fl. in 

1 Limestone; nodular, impure, coarse- and fine-grained...... 1 6 

2 |) Shale, very calcareous. oc... % «vise» «)njeteieic elise»! eiviel» alinielaiette 5 6 

3 | Shale, drab, mottled with purple; argillaceous; thinly 

| LamiMabeGss <iyerefsictic she lsceueis/atvl el alwtsreNetetic kets le ole (aleletenatstelereieneta | 13 

4 Limestone; gray; fine-grained; wavy on top;............. 2 

5 Limestone; butt, with: Musulinas © cy.yye. spats stscalsls ap aleks) oie aeiene 2 

6 Shale, Duit, CalCAnOvUs sap oie! cnet fe are) cle tetetene te etele ie netal otetelial ete tete A 

Ff | Limestone, gray, sub-oolitic; massive or in two or three 

| MO) ele hG cE RID TAOS ACO ot ooo tOr fot" 3 

8 | Shale, buff; calcareous; with thin nodular layers of lime- 

I BROMO SD vc dus ccucis Sin ardlls rete ycle Seley ate cSt IRLae ENN area ee 8 
9 , Shale, yellow.; somewhat SANGY «6 oo 0 ties -c steve ares) atetelesalaye siene 3 ~ 

10 | Shale; Dlweyiclayeyyera «io lars ielcisielielalcetolereieteletekaetelsicel> ietetanenens | 3 

11 | Shale, with thin even beds of limestone; total thickness} 

evenly divided between shale and limestone............ | 10 

12 | Limestone, dark-gray; in several layers. .......ceeeeceees 2 

13) .|"Covered (Shale)! <= /:0 a ss ecne ca ciet oe a eee ee 2 
14 |) Limestone) shelly-s. oe) nia eiqum a iefoe oi eiers © lets ha: Siete i sie ket etree 2 

15 St heat er IIE cing OOO DSO O OPA oe = GAtoa Go S206 | 4 

16 WAS EON GisyeasverehekchaeieuaKekeneNeken acpi TAS po eee 4 

17 TIMEEtONeS), DlUSHTOSiIShAr trey orale raya sieraiel el elalsisetsetate laaetetelnerens 8-10 

18 Limestone, nodular; two layers with shaly parting........ 10 

19 bimestone, shally, ‘and shaler © i.e ete cielane is wevetere elaieteesnenanen 4 

20 Laimestone; swith) Musume ee ois ae ore en) wie) eifnin (= pilnlinslielaie ieee 2 

21 Limestone, thin-bedded; cherty; with buff, wavy partings, 18 

22 Covered to water in, Big Creeks an 6 ces vie ietete chen tints wae 3. 

Numbers 20 and 21 are Broadhead’s numbers 83-85a, the Winter- 

set limestone, and 14-17 are his number 85d at the base of the 

Cherryvale. Number 12 is a lens like those quite common at 

this horizon in the northern part of the State. Numbers 8-9-10-11 

are Broadhead’s No. 86, the thin alternating beds of shale and 

limestone being the characteristic part of this shale and out- 

cropping over the surrounding country wherever the horizon is 

exposed. Numbers 4-7 represent the Drum, and No. 1, Broad- 

head’s number 90, the Cement City limestone bed. 

The section is continued in a hollow north of the track 

about 414 miles northwest of Pattonsburg: 

EE ———— a ee 
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SECTION FOUR AND ONE-HALF MILES NORTHWEST OF PATTONS- 

BURG. 

Number. Stratum. Thickness. 

Ft. in. 

1 Soil, with fragments of weathered chert.................. —- — 

2 SAM 5 papa pons doDsos Saber deOode Oooo Oe Gens oe eine —_—- — 

3 Limestone, gray; fossiliferous; impure................... 4 

4 Slagle, lols chrsillereyonitis ooo claccogsgcbuossouoc dau on coud 5 30 

5 Limestone, blue; shelly; fucoidal; thin-bedded............ 2 

6 Limestone; even layer, like above....................-.. 7 

7 Shale, dark; argillaceous; grading into next below......... 3 

8 Shale, black; fissile; bituminous. --...........55.2s+e5eee- 3 

9 Sines), Garde cans amsilla@eows. 5caccdcunndaccacsboousdos | 6 

10 limestone, very nodular................-....--.-...-- | 8-12 

11 Strep OMMD LLL Obese Pr ea epat ie teye sare Susntcrsieterciensitis tenis eoein ioe Loe | deat 

Number 10 is correlated with Broadhead’s number 92; No. 9 

with numbers 93 and 94; 8 with number 95; 5-6 with number 

96; and 3 with number 100, the Farley limestone bed. It will be 

noted that the Iola has entirely disappeared here. The section 

closely resembles those at Gentryville and Bethany, Mo. 

Owing to the numerous fine exposures on Grindstone 

Creek drainage, in the vicinity of Winston, a very complete 

section was obtained there. The Kansas City formation is 

rather low topographically. The generalized section is as 

follows: 

GENERALIZED SECTION IN THE VICINITY OF WINSTON. 

Number. Stratum. Thickness. 

Ft. in. 

1 Shale, calcareous, nodular; full of fossils........ | 1 6 
_ 5 (No. 98) 

2 Limestone, gray, MASSIVE. . 2... es ene eee naw 1 

3 Shale; calcareous at top; blue and argillaceous at bottom... 12 

4 Limestone; with shaly partings............... 2 

5 Shale, with calcareous nodules................- 3 

6 Limestone; thin nodular layers with interbedded eo EID) 

ANNES 5 ogosccetoconoOnnooDdadconnoooOa0ooD 2 

7 Shale vareillaceOustyarctw: «i <telsvesve ass cliches tect se icl< 5 

8 Shale, black, slaty, bituminous............... GNEa Bie) 1 6 

9 Shale; with micaceous sandstone near middle............ 13 

10 Limestone; light gray above; nodular and buff below (No. 

WD) scanmescosonssonrouosedcooc sob c0e0gcg0DDG Ge DOSOnOr 4 

11 Shale; lower 6 inches caleareous...........+220eeeeens ees 13 6 

12 ILENE, 6 Og DMN OOM OMO OOD OU bony oO DO Oboe OO HEED Se 5-6 

13 Shale, blue with red blotches...............22000eeeeeas 2 
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Numbers 3-13 are correlated with the Chanute shale, 4-6 

with the Cement City limestone bed, and 1-2 with the Iola 

limestone. 

Grundy County——The Kansas City formation outcrops in 

the western and northern portions of this county. The highest 

bed is probably the Cement City limestone bed near the middle 

of the Chanute shale member; it outcrops in the extreme south- 

west corner of the county. The sections below give the complete 

succession found in the county. ‘The first was taken at the quarry, 

due west of Trenton, on the high bluff west of Grand River: 

SECTION AT QUARRY WEST OF TRENTON. 

Number. Stratum. Thickness. 

Ft. in. 

1 | Limestone, very shaly, nodular. .........-.--seeeeeee eee 3-4 

2 | Limestone, light gray; suboolitic; cross-bedded; with 

occasional chert concretions. .......c.sscssuensuvesnes 18 

3 Sale, DIWe Cla ye yiens ctareeicisvcle whe opened eee lene ote offsite ital fale ited 2 

4 Shale; black, slaty, DibwumIMOWs oe aes pe «ers tects ielel er siererane 1 

5 Limestone, dark; in two layers. ........se-escecnssacruens 1 

6 (Ofoh -ecle GD OOO OIDOIn OOO OUCH Get comma eto Qo Go on 15 

7 Limestone; two or three thin layers with interbedded shale 1 

8 Limestone, gray, weathers reddish-brown; in two layers. . 4 6 

9 Staley Cla yey a. cus-cce wreteleys fone vete) ero apet eheie, sis) easiui sii fele lelleu stolen shenaae 2-3 

10 COB Sy ners ois tone ores, soe ousehe lala wehetts oy aice inp tetceli sc reise Katia ote Schiele Gr ieate ai 2 

Numbers 1-2 are the Bethany Falls limestone; 3-7 the Ladore, 

shale; and 8, the Hertha limestone. 
East of Jamesport, in the southwest corner of the county, 

a cut on the Rock Island Railroad near Gee Creek, between 

Hickory Creek station and Jamesport, shows: 

SECTION ON ROCK ISLAND RAILROAD, WEST OF HICKORY 

CREEK STATION. 
‘ 

Number. Stratum. Thickness. 

Ft. in. 

1 Limestone, gray, massive; composed of fossil 

FTA RMONES srs elelereie wise o/s) sicle entahd niereimin eimiiuiel at 1 6 

2 | Limestone, yellowish; in 3 or 4 layers; very (No. 87) 

nodular and impure’ occ oes wee wees © meses 2 3 

3 Shale, yellowish; calcareous; with thin lens of limestone.. 9 

4 Shale, blue, clayey; with thin even layers of limestone; at 

top yellow and slightly arenaceous.......s.2.ee ees eees 19 6 

5 Limestone; six thin layers with shale partings............ 4 

6 Pale; DIUGE se: ace o.0:0ys) & 0 o sis lave crple.c)0) sie byelle sharin ofa 's)Lolni) einer sl eis 2 2 

Gi Limestone, very fossiliferous..........-2-eeeeeeeeeesseee 3-6 
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SECTION ON ROCK ISLAND RAILROAD, WEST OF HICKORY 

CREEK STATION—Continued. 

Number. Stratum. | Thickness. 

Ie Up- 

8 SMES. cosscavssoncdov coo g00so DOdoUOoD OUD OUGODOaOUD.ocG 6 

g) ILMANGMIOME 5 6 Goon ooedoUopeCoUOMOODODUDODOOOHOOOUDOOUEG 6 

10 SAH. -sabacdddsseonagooo ood CHebHOooo cod eooe GoUuDU Deo 1-2 

11 Limestone, blue, wavy-bedded............... : | 1 

12 Limestone; nodular in 1 or 2 layers........... (No. 85d) J 8 

13 SUG. oosoosnoed ooeoosCceoudouDDD DODO tONooSU CO nOOGCDS 4 

14 ILMASIOINE 5 Co SCO GDH OOOOH OOND OO UN OUODCOOOUDDGOISOGOGONOS 7 

15 Shale, blue; contains finely preserved fossils.............- 6 

16 Limestone, thin-bedded, lenticular................+++---- | 4-1 

17 Shale; upper 2 feet argillaceous; grades into loose calcareous 

MOONEE, Bih IQOUNCIIL soon occoomocooooU dob ooooonDeNOOnS 8 

18 Limestone, fine-grained; in 4 layers..........2.2---2e+++--- , 3 8 

19 Liens OMNe, Selby Ow SAIC 5 so oconoobocondcuca bono deUGUuES 1 3 

20 Limestone; composed largely of Fusulina................- 1 

21 ILpiaaeorae, EyralleOuI- 656 q05enccodDUDo GOD DOOoDoDdeDOCD 2 9 

22 Shale, blue; with two nodular layers of limestone........ 2 

23 Limestone, thin-bedded, cherty; buff shaly partings....... 3 

24 Sgile pemnvinve- osooscounaocooddooaeoosoDa6 Ooo DoooDDObOS 8 

25 Inplome Horie, Ibs INO, Aeoa5a5oounncodnoebdneoooencoUoboods 4 6 

26 SME EMME. oo ong oooCoooDD FDU UC ee ONO bo DODO DOODdGUGUS 6-8 

27 luplina(es 1 ores She INO), Aas 5 gooboondooUDuUeUGdoUcDOOoOUOOUS 4 10 

28 Single. CVE = 2 aio Goes noo ogded ado Gnu Uo DODO OueH OD OoD.o EDs 6 

29 Sage jolleralie izhings loribhansbavortiie 5 50 oGgqnoconoDDbOOUD OC OOO | 2 6 

30 Swe, we, CEWMyroaceeocoddcopoovodoonUOPooUodoooeb. 6 

31 Limestone; upper shaly nodular portion of Bethany Falls, 

HOmUCAC aw ONIGS ASO): Arges ayers cvenstoke cyesatie rec beroucievensueve a ioeTeqnisits = | eG 

The whole of the Bethany Falls is exposed a short distance 

southwest. Nos. 18-27 are included in the Winterset, Nos. 11 

and 12 are Broadhead’s number 85d, and 1-2 the Drum lime- 

stone. 

The following section was measured one hundred yards 

west of road in center of sec. 30, T. 60 N., R. 25 W.: 

SECTION IN THE SOUTHWESTERN PART OF GRUNDY COUNTY. 

| 

Number. Stratum. Thickness. 

Feet. 

1 Limestone, ‘‘brecciated”’, fragmental (Cement City)....... 3 
2 (CRANE GUA A Bg 61E ein Ee cehe aan Racer arn cieT o ChA-EMERC IM mict eR EAEICND eG BNA 23 

3 Limestone, gray, massive; composed of broken fossils...... 1 

No. 3 is No. 1 of the last section; No. 2 probably contains red 

shale near the middle. 

G—10 
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Atchison, Nodaway and Worth counties——The stratigraphy 

of the Kansas City formation in these counties is known only 

from drill records. The core drilling at Maryville shows it in 

great detail. 

Gentry County.—Outcrops of the Kansas City formation are 

confined to the southeastern corner of the county along the 

‘breaks’ of Grand River, the rest of the county being covered 

by the Lansing and Douglas formations. The following section 

(after Broadhead) taken in sec. 28, T. 61 N., R. 30 W., shows 

probably the lowest beds in the county: 

SECTION NEAR GENTRYVILLE. 

Number. Stratum. Thickness. 

Ft. in. 

1 Limestone, fine fossils’ (lola). 7. <)-ase nists apatite | 2 

2 Shale:\(top'of Chanwte)) 2. «vn oarapets alove 1a) testi el aiete erent eeneene 5 

3 Himestone; De; HREM Ys. 6. re teil orc eee wiealer | 1 6 

4 Shale wise ccc Se sts als ey oes coterie eke cok Rerae cnn (Raytown) 6 

5 Limestone; nodular cr. en meryeldtetele ie siei Pees aie 5 

6 (Oh Ae ae oe SO Oiomsin Soin neva sc Po AB 2 6 

7 Shale,’ slaty ‘(GNO 5 95). 265 wis. comnts ai ersieratotepaue elastase nam 1 9 

8 Limestone (GN Os 92) © sists sere = a io ote eete el eel oie eer aionel helo 5 

9 Shale, Dlwe: CN O= OB) ace Siete era einer re aiia ar a ae bein fal oe ote ae 3 6 

10 SIODO sce sce ars oo cays 2 oye re terse aioe co teh te Leteho delet ceone tee coe 2 6 

11 Limestone; full of fossils (Cement City).................- 3 

12 SJ ee iin me cya Cc O NOOR CUMOe eGo aoe oe 10 

13 bimestone,, Diwfls 2 Fs cic lere boca 6) eh oreo ahel s/o xe rein oleh nn aioe 2 

14 Shale (base of Chanute) io 2 <2 \0cic sui nie = win = sieointa iia ee | 4 

15 Timestone; light, drab.) tee = sae eee renee | ie. 6 
16 Clay, light-colored, and limestone nodules....... (Drum) 5 

i bye TIN OSLONG sie) <) 5 ears c's, ote puslieles ovalnin ai ina) asia olial enone 3 

18 Shale (top of’ Gherry-vale).....0. <q: eke ose ck eee eee ae 
19 Tiémestone, DIUG «..) 26.06 foiw sr eee) 6 eucifo: Siaile: wt sige Pal als ate aaa ee 5 

20 SHAN C 6 ois oso corte whaia o.ave a ie/ars}ajlaye/ie bla ahsys eal a ohana ae ae ee 3 

21 Tal GstOne <i) 3 = Cie felst sc cial ots ale eye s/s eve gatas hep ene eee ane al 

The upper part of this section is also exposed near Gentryville 

and shows no changes. 

Harrison County.—The entire area of this county, with the 

exception of a strip bordering Grand River on the eastern side, 

is underlain by rocks of the Kansas City formation with a cover- 

ing of glacial till and possibly also of the Lansing formation 

in places. Over most of the county the number of exposures is 

rather limited because of the heavy mantle of drift. 
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SECTION ALONG TOMBSTONE CREEK, WEST OF MELBOURNE. 

Number. Stratum. ~ | Thickness. 

Fl. in 

1 Slope with fragments of ‘‘brecciated’’ limestone........... —_—_- — 

2 Limestone, buff, oolitic; uneven layers with interbedded 

shale (Drunt)........ eee ee tee etter cece | 5 6 

3 Shale, buff; with nodular limestone (No. 86)............. | 5 6 

4 Shale, blue; with very even alternating beds of blue lime-| 

HiTMOucgoss sooo CoC UO RODE OOD AC POOCORD OOO GAD DEmamaD 12 

5 UMPC! 5 sco b Sc.na ton ome doa OADOGH FOS OGom de OnaceD oo = = 

6 Limestone, dark-blue; wavy on top and bottom........... 1 

tf WIMNTESEOM CrnlilcOna DOW. Cipetelctcisner sterelelsisla) <1efei= isle sisiieaers ois) ) el araiel = | 3 

8 SMBS. GOW? soc ddcoosoaceobogoc aos DUO se seaono aba on 5 

9 Limestone (only top exposed) A Of GB CcO.A ccOO 8 0 COTED OIE ONO —_—_ — 

10 iWmexposedu(baserof, Cherrywvale) is sic cisceiete co ais eeepc ys = cceee es —_- — 

11 Limestone, gray; with Fusulina, about................... 5 

12 Limestone, blue, cherty; thin wavy beds with buff shale 

partings (base of Winterset) -~-.----..-..-.-....--.-.- | 18 

13 Shale; with black, slaty, bituminous shale in middle (Gales-| 

EE) = poo tn coat egtascuer nou on noodGoenosdondosDOesos | 8 

14 Mimestone, modular: Shalyy se i. 3 bie sc ate ese ew we steno | 4 

15 Limestone; thick-bedded at top, resembling the Bethany) 

Falls at type locality, lower part thin-bedded as at 

Cainesville and Princeton (base of Bethany Falls)..... 14 

16 Mbit CRED ICL MO Yate ele hecklers (x \cxciererecsis aks slnvapayelie seis suse seed | 2 3 

17 Hale wDIlacCks SlatyAe DLE UMN OMS s cecucwees =) sieleheiislelsieietels)e ene cos 1 6 

18 TTC SLOT Ontar tenet ene fetatsy ce tetatelar mere retan nehece= Waves =-/-een a) ateneeceier= 4 

19 Shale sancdya (DAserOtn WAG OL) oc ie aces (neil. 6) 012 ice lev= Ps =tlm) s\lel = yer 12 

20 PuMnestone wena va | CELer Wa) totes. fees yesore cee seecce ais vie etei ene fe cust ene 2 2 

1 6 

The Falls of Big Creek at Bethany is the type locality of 

the Bethany Falls limestone. It has been described 

that it would be useless to repeat the descriptions here. There 

are, however, two very different phases of this bed, which, 

not being recognized as such, have caused some misconceptions 

as to the correlation. 

Bain! gives the following section in the western part of 

so fully 

Bethany: 
BAIN’S SECTION AT BETHANY. 

Number. Stratum. Thickness. 

Ft. in. 

a Rae mCLaVie yah bener suc ewan cesieue ce eueuersssitis: cheis sisjerebe, sbacas.eaetecdus 3 6 

2 Shale, calcareous; transition beds..................+.2:: 1 6 

3 Limestone, heavy ledge; many Fusulina cylindrica........ 2 10 

4 mimestone uimnilya Ded dedisrcnege relevenevtetelel <a ievelere- clocks nel chataayous 10 

5 (Umexp O86 tate semensictete nt olateroteushe) cucUar ene cenercita cies sucra. Mtaveccse hater reniasavane 8 

6 imestone, toim=Ded ed yee: atrsete. 6 st arabe. pera eile they) < obos sastese lol's 12-15 

1Bain, H. F., Geology of Decatur County: Iowa Geol. Survey, vol. 8, pp- 

255-314, 1897. 
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“The rock forming the falls lies probably 6 or 8 feet below 

the base of the limestone just described. It is about twenty 

feet thick.” 

As now exposed, the upper part of the section above No. 5 

is as follows: 

SECTION AT SPERRY QUARRY, BETHANY. 

Number. Stratum. Thickness. 

Fi, tm 
1 Shale, brown, and thin beds of limestone................. + 

2 Shale, gray, and thin limestones... 2. ..cma6 oniee cee 2 

3 Limestone, gray, massive; with Fusulina-and black chert con- 

CLOLIONB,« 5 55).i 6 iors joe Joy0¥0s (olc.0\e ojeravessiete tekeleiei seahorse lel eee CRE 4 2 

4 Limestone like above. !2%: sce eye) cc seperete ine ered eiele ete eee eee 2 4 

5 Shale, buff, calcareous, and thin limestones............... 2 4 

6 Limestone, thin-bedded; with buff, shaly, wavy partings. 4 

These beds are now better exposed at the quarry near the 

junction of the two forks of Big Creek, as shown in the following 

section: 

SECTION SOUTH OF BETGHANY ON BIG CREEK. 

Number. Stratum. Thickness. 

Ft. in 

1 Limestone, nodular, and shale. «oc. o<.. sass eute see 1 

2 Limestone, blue; wavy on upper and lower surfaces....... 1-14 

3 Limestone, blue; lenticular and concretionary............. 3 

4 Shale, WISH. cists, 2)» aie tolovel an ace pus wise late ohellehatal oie ala hastens 1 

5 Limestone, nodular; with shale partings.................. 1 

6 Shale, drab, argillaceous, fossiliferous...............-+--: 3 6 

7 Shale,, busf, calGareaus). << 12: < j0j0;s,syele!eehejeieyassie! clevorcdeie iene renatenenean 3 

8 Shale, hlue to Dull, Sxrpb ty tcc occ neler erese ou wie She ene 3 

9 Limestone, bluish, Modular-© occ co cicre wie <ievettoteie shatetneaieenene 2 6 

10 Shale, dark; nearly black; a mere film to................. 1 

11 Limestone, gray, heavy-bedded; contains a few cherty con- 

ICLGUIONS ©, oye «chaise ) slejevsi= aleialiels islalatelefolelstolels a reeh aren iain nmmamn 6 9 

12 Limestone, dark-bluish; thin-bedded; cherty; shale part- 

ings which weather buff; fossiliferouS............eeeeeee: 7 #10 

13 Concealed; with limestone at top in floor of quarry........ 16 

14 Limestone, gray; to bed of creek (Bethany Falls)......... 8 

Number 13 contains the Galesburg shale and the lower:part 

of the Winterset, as may be seen by comparison with the Mel- 

bourne section. The top of the Winterset is placed at No. 11 

but may include No. 9. The remainder belongs to the Cherry- 

vale, the lower part of which is the equivalent of the upper part 

of the two previous sections. 



Vou. XIII, 2np Serres, Prats XV. Missourt BUREAU OF GEOLOGY AND MINEs. 

Fig. A. Bethany Falls limestone at type locality near Bethany. 

Fig. B. Bethany Falls limestone in quarry three miles south of Princeton. 
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Another phase of these beds is shown in the following 

section: 

SECTION NEAR NORTHWEST CORNER SEC. 27, T. 63 N., R. 28 W. 

Number. Stratum. Thickness. 

Ft. in. 

1 Limestone, dark blue, silicious; with white specks; wavy- 

INECICIGCl, Tin Bor SEW oo ce ooo po nC ODA UoCOUGODOoOOOUS 2 6 

2 Shale; calcareous to clayey; dark when fresh; light gray 

when weathered; 3-inch nodular limestone near bottom. . 2 6 

3 PiMEStONes wWieLy LOSSUIFOTOUS yee see] ae) ele© el ele ele + «6 el els ale 4 

4 SiniOscadcocscgeeEsoUuoUDoDUD DH OU UOOdOU COCO OUU OU DO oa 0'd 6-8 

5 LMAO Ss cog condo O bo Ud oOndUOD OUND ODS CUO O Do OO OOOO 4 

5 Limestone, massive, wavy-bedded.........-..-.-+.+-2--- 10 

7 COVE! $s o's Gocorgogvo goo One DOnDODOOUnOU ROU RO Cone O Oo 7 

8 Limestone, gray, massive, cherty; with Fusulina, to water 

WEL OOR Rs 6 AS omold dn ome 6 bon OG ou Goo aoud-o oo coc 6 

Number 8 is the top of the Winterset; and Nos. 5 and 6 are 

number 85d; number 1 is correlated with Nos. 2-5 of the previous 

section. 

In the SE. 14 sec. 3, T. 62 N., R. 28 W., above number 1 

of the last section, are the thin alternating layers of limestone 

and shale (Cherryvale) which reach to about the base of Bain’s 

first section at Bethany (near the railway bridge north of the 

depot): 

BAIN’S SECTION IN NORTHERN PART OF BETHANY. 

Number. Stratum. Thickness. 

Feet. 

1 Limestone, fragmental; loosely cemented (Drum)......... 6 

2 Shale, green to drab, clayey; with thin bands of lime- 

HMOs 6cocorppponcoCoo DON EOUdN ooo doOooODO nord ood OG 2 

3 Sineie, Ghrevo io wees AERTONiod cucdinsotoocc COC ODO UO ao Oe 2 

4 Limestone, dark blue; in two ledges 9 and 3 inches thick, 

REOECUNTEIN ooo choke ogcanneos pono oO DU ORCoedo oD aoOoo 1 

5 SHAG, CK oacodeoooondodon oo nuoDOOKUUnOODmOooOooabO 1 

6 Shale, black to drab; with irregular nodular and thin layers 

OfampUTesolackimMESt OMe mee weretete aieilalre ists lst selene (el cats icpen ea 6 

It will thus be seen that there are exposed at Bethany three 

limestones, the Bethany Falls, Winterset and Drum, corre- 

sponding to Broadhead’s numbers 78, 83-85a, and 87a, but the 

Hertha is below drainage. 
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A well drilled one-fourth mile south of center of sec. 9, 

T. 63 N., R. 28 W., on the flood-plain near the Falls, gave the 

following (driller’s terminology): 

LOG OF WELL AT BETHANY. 

Stratum. | Thickness. Depth. 

Feet. Feet. 

OED ke Shs uchar ecm aparlohe tach ubeanenenerene felines lied diet Perel & citet ade ceieienetstas 22 22 

Falls limestone (Bethany Walls)... cei epee es lee wine 8 30 

Shale; with some thin limestones (Ladore):............. 15 45 

Taimestone Ceertha)nn see acai ayes seiloee tee eee 6 51 

Sandstone, hard, loose-grained (top of Pleasanton)....... 15 66 

Sandstone, open, coarse-grained.....i.......:..2+.----- 28 94 

Bain’s! section in Decatur County, Iowa, included four 

limestones which he named, beginning at the base, the Frag- 

mental, Earlham, Winterset, and De Kalb (or Fusulina). In 

attempting to correlate with the section at Bethany, Mo., he 

supposed the Winterset to be two beds instead of one, and with 

the Drum above and Bethany Falls below (four altogether) 

correlated them with the four in Decatur County, making the 

Bethany Falls at Bethany the equivalent of the ““Fragmental”’ 

of Iowa. As the lithologic character of the two is not unlike, 

a correlation based on this character alone was seemingly cor- 

ine(ltc 

The writer’s correlation is shown in the following table: 

CORRELATION OF BASAL MEMBERS OF KANSAS CITY 

FORMATION. 

“DeKalb” (‘‘Fusulina’’) limestone ....... =Drum limestone (No. 87a). 

Winterset limestone. .........2ee eee eee =Winterset (Nos. 83-85a). 

“Rarlham’’ Himestone. « . <0... eee sie cee hae =Bethany Falls (Nos. 78-80). 

“Fragmental”’ limestone.........0.2+2+0% =Hertha (No. 74). 

Below the “‘Fragmental” of Iowa and the Hertha of Mis- 

souri there is a thin bed of coal, very persistent in Missouri, 

which gives additional support to the correlation. 

The following section, taken down the branch in the NE. 4 

NW. \ see. 2, T. 62 N., R. 28 W., is only approximate because 

of the great dip down stream, which exposed the lowest beds 

near the head of the branch: 

1Op cit. 
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SECTION ABOUT THREE MILES SOUTHEAST OF BETHANY. 

Number.| Stratum. Thickness. 

Feet 

1 Shale, buff, brittle, caleareous, sandy....-.......-.2...... 10+ 

2 Wme=xpoOsed pro pably aADOUb ie =) ei stoteteiie clets = «te che lelere) sls =lere mre 20 

3 Limestone, gray; in three beds with shale between (Ray- 

THOR AE) ety es orb aE REIN CEO CLI EIA OO rc Oc ae 5a 
4 Shale; clayey at top; black and slaty below (No. 95)...... 3 

5 lbpioae SiON. facinr(GNi., UR ABaooocnoarcunpeoe gon eououbooDES 4 

6 Wmexp OREO (NOTBOM) Mes cite crions re eee tera, Ye oe Sees aeis geacueweh dee 13 
7 Limestone, gray; rough on top (Cement City)............ 5 

8 Shalewmed everest ccwererataiavcuswe crave: coven tec cusiel ens lele\erle ens pata versr «aise ein — 

The failure of the Iola to outcrop in this section indicates 

that it is absent or very thin. The upper member of the section 

may belong to the Lansing formation. 

SECTION AT CAINESVILLE. 

Number. Stratum. Thickness. 
| 

Feet. 

1 Limestone, gray; fossiliferous; thin-bedded, irregular; top 

and bottom not exposed (Bethany Falls).............. 10 

2 COMERS Seo cotcoe bnoOosodooC ONC oOo ooo SCoosoDCOObuCdaOC 22 

3 Limestone, gray; weathering brown; in two layers; the 

upper 18 and the lower 30 inches (Hertha)............ 4 

No. 3, on a fresh fracture, is a fine-to coarse-grained crystalline 

limestone, with more Composita subtilita than any other fossil. 

In places it weathers light gray with a “‘fragmental”’ face, closely 

resembling the Bethany Falls limestone at Bethany. 

Near Eagleville on Chain Creek the Drum is finely exposed 

and about four feet thick. East of Blythedale is an exposure 

of limestone thought to be the Cement City bed (No. 90). 

In the northeastern part of the county the limestones forming the 

base of the Missouri group are exposed along both sides of 

Grand River. 

Mercer County—The Kansas City formation outcrops at 

a number of places in Mercer County, chiefly along Grand 

River and East Muddy Creek. The Hertha limestone has also 

been found on Medicine Creek east of Ravanna. The Chanute 

shale is probably the highest bed in the county. 

One of the best exposed sections of the basal limestones of 

the Kansas City occurring in north Missouri is at Princeton, 
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where the following section was taken in the railroad cut south 

of town: 

SECTION IN RAILROAD CUT SOUTH OF PRINCETON. 

Number. Stratum. Thickness. 

| Ft. in 

1 Limestone, gray; weathers light buff; thin-bedded; fossil- 

iferous (Bethamy-Balis) eo oc ioeiclece svcictorchol eiaiatetele tate tenet eeeetnee 14 

2 Shale, gray, clayey; grading into next below.............. 2 1 

3 Shale, black, slaty; ‘bibuminmows. 2). seo! ole =m olisomsncne cise 1 8 

+t Limestone, dark gray; in two layers separated by shale.....) 1 1 

5 Shale Slay... o</ 5, cpeis penn, simicolelaliaiela | clela ol ete ei cl oien sicher eneteie hata ie nena 9 8 

6 Limestone, nodular, | Pwihe.. cis <j eter sys sine) s) oie oliniells no eatopeienene j ul 

Cf Shale, gray (baseof Ladore) erie) oye « a eters c's elelalets anal eee 5 

8 Limestone, gray; weathering brown; in two layers (Hertha) ¥ 10 

2 6 

9 Shale, blue; with sandy limestone lens in places........... 4 6 

10 Limestone, buff; varying in thickness; about............. 1 6 

11 Govered; coal Horizomi << F.o suse /a els vers apstala ete sealers oe eras 6 

iS Limestone, buff; weathering to nodules.................. 1 

13 Shale; ‘ATA . S cyeio a ct ehek ot she Gens sue < foes ee eePole Cava ae een 20 

The following #s a section of the beds above the Bethany 

Falls, which are well shown at the old crusher quarry south of 

Princeton: 

SECTION AT OLD QUARRY THREE MILES SOUTH OF PRINCETON. 

Number.| Stratum. Thickness. 
} | 

| . Fl. in. 
1 Limestone, gray; cherty; thin wavy beds; buff shaly part- 

ines: CWANtErseb) - ia o)eleta,c10pe ms) areieieletetegestel orb ieialefaret alate tatererets 12 

2 Shale; light at top; darker below; grading into next below... 2 6 

3 | Shale, black, slaty, bituminous... 0... 3... cas0smnleme eae ; 10-14 

4 Shale; dark at top; light below; grading into next below (base 

Of ‘GaelesDurge) ioc. ps: satay nie arash ors Mysluymy ey) boii elle lal sl aeons 5 4 

5 | Shale; composed of loose, calcareous nodules............- 3 

6 Limestone, light gray, massive, oolitic (base of Bethany 

FOALS) ooo s5-< eae is eye wie paneer nia wt nce, Ae al io pf z 7 

The upper part of the Winterset is exposed across Grand 

River, about due west of this quarry, as follows: 

SECTION IN THE NE. \ SE. 4% SEC. 8, T. 64 N.. R. 24 W. 

Number. Stratum. Thickness 

Feet. 

1 Limestone, light gray; composed mainly of Fusulina....... 6 

2 Shale and thin limestones............... oa. iol as) elanes'o) ia ates 8 

3 Limestone, thin-bedded, cherty (No. 1 of last)............ 14 

LL 
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Fig. A. Hertha, Ladore and Bethany Falls members in railroad cut one mile south of Princeton. 

Fig. B. Bethany Falls, Galesburg and Winterset members in quarry three miles south of Princeton. 
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This “Fusulina” limestone is to be correlated with that of 

the upper part of the Winterset at Bethany, the whole thickness 

of twenty-eight feet being Broadhead’s numbers 83-85a. 

The beds just below the Hertha are exposed 300 feet south- 

west of the northeast corner of sec. 7, T. 63 N., R. 24 W., as 

shown below: 

SECTION WEST OF WELDON FORK NEAR MILL GROVE. 

| 

| 

Number. Stratum. | Thickness. 

Fi. in 

1 Pimmestomers (Eertha;)icucasueversuctencuelenel clenem ens ietoheMencins silty obsnctans cere ele | 1+ 

2 Shale mhichttawithalareeiconcreplons| peur ener ene cle 3 6 

3 Sralemblackeslat ya Olu UMN OS es ewenc ted alesis si elaterens tiene cuete ene 2 

4 Goel (OMG ess desodcaoe tue csad baud oOemEee crea o ene 7-8 

A buff limestone (No. 12 of the Princeton section) usually occurs 

beneath the thin bed of fire clay that underlies this coal. This 

limestone varies from one to two feet in thickness. 

Putnam, Sullivan, and Adair counties——The area covered 

by the Missouri group in these counties is a matter of some 

doubt because of the extreme thickness of glacial drift, but that 

the group is represented in all three, by at least the Hertha 

limestone, is very probable. The Hertha was quarried only 

two miles west of the west line of Putnam County, and has been 

found farther east in the county on Chariton River drainage. 

The Hertha, Bethany Falls, and Winterset outcrop in Sullivan 

County in the syncline at Milan, and weathered fragments of 

the Hertha were found in Adair County on the high ridge lying 

east of Chariton River. 

SECTION IN QUARRY IN SOUTHEAST PART OF MILAN. 

Number. | Stratum. Thickness. 

| Ft. in. 

if | Limestone; unconsolidated nodules.:.................... LS 10 

2 Limestone, light gray; sub-oolitic; cross-bedded........... 5 8 

3 | Soe) TEMA 6 6.otbo BO OU OOOO TOA OOO On OOS EDO A eOn OO ce 2-4 

4 Limestone, light-gray; unevenly bedded.................. 3 

5 Shale, caleareous; very fossiliferous...............+.-+5+- 8-10 

Glam Bleirmesbomoeniilce laste creye:s wyersrsrept svslave s0ela cavers a t/ceoeatavalcuarsayers 3 6 
7 MIM GSTOMemneb CAs Ot CME yie) cose ms ces cieus clajeic o subenenemeucuers crete = 

All this section is included in the Bethany Falls limestone and 

is continued downward in the railroad cut nearby as follows: 
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SECTION IN RAILROAD CUT SOUTH OF MILAN. 

Number.| Stratum. Thickness. 
} 

. Ft. in 

1 | Limestone! (Bethany Walls). yc cveuctote t= shelelei cede niete abe ncemntey eters —_ — 

2 | Shale, blue, clayey. . 5.1.22... eee ee eee ee eee eee eee eee L420 

3 Shale: blacks fissile; DItumMINOUB en oiled seine leet ce ete 1 6 

4 | Dim OstOnesiGarks STA Vs. oleleve alo iclercl eles eho rele tens taltedtl chain tn ialleltt al lade 4 

5 | SWAVS; VAD esse sr era.js cocsseie te) eyaeoto bole sei ale¥en wie\ ee ipl ol ehal elie te yal ee tels een 5 

6 | Sandstone, yellow; thin even beds; calcareous; with worm 

burrows or fucoids on bedding planes.........ceecerees 4 9 

7 | Shale, light drab, sandy (base of Ladore)...............- 10 4 

8 Limestone, gray; fine-grained; crystalline; fossiliferous; 

wavy-bedded. (Hertha)... 6c. cee cc now wine ole) ui= oimians 4 

9 Shale, light drab, clayey (top of Pleasanton)............. 2 5 

10 Shale, DUUISH. ieee s.o ove xvepesurer ew ene revel cu edelcvupt elle intake] sifetteats faints tenalie 3 

11 Shale; TOG s5scb ee che suse 4) aul CpevedeapePe vee oieys eos) Seen eee 10 

12 SHhale, Web crews ote ote elon ous totes foVeipbere ie fe ae nla tapn talons Reliaaa aan 3 6 

13 Shale; light; calcareous; resistant layer.................+-. if 

14 Shale, light drab; somewhat arenaceous and micaceous; 

With Nard ‘CONCrECULODBs. . 5 ee <i euete/ tare e isbe)'e ae in mini alii ei ee 

North of Milan the coal below the Hertha limestone is 14 inches 

thick with 25 feet of shale above. 

In the northeastern part of the county (SE. 144 NW. 4% sec. 

19, T. 64 N., R. 18 W.) are outcrops of the Hertha limestone 

and the underlying Ovid coal. The following is a detailed 

section of the Hertha at this place: 

SECTION IN NORTHEASTERN PART OF SULLIVAN COUNTY. 

Number. Stratum. | Thickness. 

| Fl. in. 
1 Limestone; composed mainly of shell fragments........... 1 

2 PHales MCAY. <he os ie orale cues o ohe wo wl broltay eta lce)ials Colin Ko ael oMsUC hal sis] ola/ selene 2 

3 Limestone; fossiliferous at top... .......-0e cece ener eeeee 3 

4 Shale nergy s ereieke osm eicie erin eels wlerererele ie ieene et eee | 4 

5 Limestone, gray; thin-bedded; cherty; fossiliferous........ | 5 6 

6 SHalo, STAY «ro cic woe tee win e010 6 0.0 0 o:010 0 sien wise le acemla = isle sal | 8 

7 | Limestone, blue; thin-bedded; fossiliferous...........+.+.. 6 

8 |Shale, dark (top of Pleasanton) ............s.s0+essecuns | 1+ 

The shale partings resemble those seen in the Hertha limestone 

northeast of Chillicothe, Livingston County. 

In the northeast corner of sec. 27, T. 62 N., R. 16 W., 

Adair County, and at one or two places farther north, the Hertha 

limestone with the coal below it, is found as the highest con- 

solidated rock of the divide east of Chariton River. As far as 

known, this is the most easterly exposure of the Missouri group. 
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LANSING FORMATION. 

CHARACTERISTICS. 

Beede and Rogers found the section from the Lane shale 

to the Oread limestone, inclusive, to constitute a faunal stage. 

According to Girty!, the Lane, Weston, and Lawrence shale 

faunas are strikingly similar, being well marked off from the 

faunas of the shales and limestones both above and below, 

and, as the fauna of the Oread limestone is more closely related 

to that of the Stanton and Plattsburg than to any above, the 

interval from the Lane shale to the Oread limestone, inclusivee 

was classified as a faunal unit. The upper part of the unit had 

previously been designated the Douglas formation, a division 

it seems advisable to retain because the lower part is rendered 

more or less distinct lithologically by the greater proportion 

of limestone it contains. The beds included in the interval from 

the base of the Lane shale to the top of the Stanton limestone 

are, therefore, segregated and termed the Lansing formation. 

All its members are well exposed near Lansing, Kansas. 

The thickness of the Lansing varies from 140 feet in Platte 

County to less than 100 feet along the west fork of Grand 

River. The upper half is chiefly limestone and the lower half 

shale and sandstone. The area of outcrop is shown on the State 

geologic map. 

MEMBERS. 

Lane shale member.—At the base of the Lansing is the Lane 

shale, 50 to 80 feet thick, thinning from southwest to north- 

east. The upper part is arenaceous and the lower part chiefly 

argillaceous. The two portions, over a large part of the area, 

are separated by the Farley limestone bed, ranging from a thin 

layer of calcareous shale to a bed of limestone 10 feet thick in 

an irregular manner and seemingly disappearing entirely to the 

northeast. 

Plattsburg limestone member.—Above the Lane shale is the 

Plattsburg limestone. Its thickness is variabie but its other 

features fairly persistent. The maximum thickness is 20 feet in 

the southern part of the outcrop but to the north it becomes 

thinner. It is everywhere a blue, argillaceous limestone in the 

lower part, and cherty in the upper, weathering to a buff. The 

basal layer is more or less arenaceous and a marked pelecypod 

‘Evidence submitted to committee on nomenclature, U. S. Geol. Survey. 
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horizon. In its northernmost outcrop, it is commonly repre- 

sented by fragments of brown, porous, weathered chert, or as 

a buff, brittle, thinly laminated, sandy limestone. 

Vilas shale member.—Separating the two limestone members 

of the Lansing is the Vilas shale. In Platte County the Vilas 

is 20 feet thick, but to the northeast and east is only 3 or 4 feet. 

The composition varies from argillaceous or arenaceous shale 

to black, slaty shale with a thin coal seam in places. The 

bituminous phase may be found in the northern part of its out- 

crop. 

Stanton limestone member.—At the top of the Lansing is 

the Stanton limestone member, composed of three limestone and 

two shale beds. The lower limestone is of a blue color and from 

a few inches to four feet thick. The lower shale bed is about 

five feet thick and contains, in most places, a layer of black 

slaty shale. The middle or main ledge of the Stanton is 15 

feet thick, a gray, thin-bedded limestone with a 2-foot buff 

layer at the top. In a few places it is largely composed of 

Fusulina. The upper shale varies from one or two feet to twenty 

and, where thick, contains a layer of sandstone and green shale. 

The upper limestone is of a gray color, in two to four thin, 

even layers, in places separated by shale partings. Only the main 

ledge is generally seen where the Stanton caps escarnments. 

REGIONAL VARIATION AND DETAILED SECTIONS. 

Jackson County——The highest indurated rocks in the 

county consist of the Lane shale and Plattsburg limestone mem- 

bers cf the Lansing formation. They are not materially different 

from these members in Platte County. At the base of the 

Lane shale, however, there are 6 to 10 feet of arenaceous lime- 

stone separated from the Iola limestone by only six feet of 

sandy shale. This is apparently the Farley limestone bed, 

but, if so, it is much nearer the base of the Lane than at other 

places. However, it may be a local, lenticular limestone. 

Clay and Platte counties—The Lansing formation exhibits 

a remarkable regularity throughout these counties, the chief 

changes being in the thickness of the Farley bed and the Vilas 

shale, though the Plattsburg limestone also varies somewhat. 

The part of the Lane shale below the Farley bed is a rather 

uniform bluish or greenish clay shale with no special charac- 

teristics, varying from 16 to 40 feet in thickness. At Parkville 

it is 16 feet thick. In one locality it was arenaceous. The Farley 
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bed near Parkville is a coarse to oolitic, brownish-gray, resistant 

limestone. One-half mile above Parkville it occurs as one bed 

8 feet thick. It is slightly ferruginous, quite compact and oolitic. 

In one place it is ““cross-laminated.’’ In many outcrops between 

Parkville and Waldron it is composed largely of Productus shells. 

“North of Waldron (center of the SE. 14 sec. 14, T. 51 N., 

R. 35 W.) the following section of the Farley limestone bed was 

measured: 
SECTION NORTH OF WALDRON. 

Number. Stratum. Thickness. 

Ft. in. 

1 Limestone, dark blue; massive; coarse-grained; has promi- 

TMS WEMGEN TONNE Goo ooo uD OO Ono OODDODUSOADBOOODOeD 2 

2 Sask, Glenate Cheer Grew. oo ocogunonodooodaobDdbbosG 2 4 

3 Limestone, dark blue; thin-bedded; coarse-grained........ 1 

4 Shale, drab; arenaceous; calcareous at top.............-.. 4 

5 Limestone, blue; weathers buff; fine-grained; argillaceous; 

Wala Weary loereloliayes MENS oo oo cond oObo noo OAD oOODSGOE 3 6 

No. 1 of this section is the most uniform layer of the Farley, 

but it varies from a mere film to 5 feet in thickness. The beds 

below are extremely variable in thickness but the blue color 

and argillaceous character are persistent. In one or two places, 

there is a thin layer of pisolitic limestone above No. 1. 

The part of the Lane shale above the Farley bed varies from 

20 to 40 feet in thickness and contains, at most outcrops, a 

layer of sandstone. As with many other shale beds, the thick- 

ness is increased where the sandstone is present. In places it 

contains a red layer. 

The Plattsburg is a bluish limestone, weathering buff, 

even-bedded in the lower part but more irregular in the upper. 

In many places it is cherty. The details are shown in the follow- 

ing section measured by Broadhead about one mile southwest 

of Waldron: 

DETAILED SECTION OF PLATTSBURG LIMESTONE MEMBER ONE 

MILE SOUTH OF WALDRON. 

Number. Stratum. Thickness. 

i Fl. in. 

it HET OS DOM Orestes eek seaeel ever neal ey at sco aie wewan Renan ar acide eVanaiyanel eltcu sue 9 

2 SMI 50.96 005.68 FN CO POO OO OED EOD Sod 6.08 OO Oo.C Oe oie 3 

3 [Ufa NEON. o0a-a1G0e 0 Bad.& ole, Cord ccc cobic eo OIAOic a Once ce DUONCRCEErO.G 3 

4 ILPHAETHMOINEG g OOM Ao oooedopR Ooo eC UoDlobD Oe oo oUenaoooOEmOuGS 2 

5 SEARTETC SLOT Ole teetm cites nic yetiaiiee sestyusuatocae ap Smee pi sighs siete soe ie gasiclin celle Vollans ahaa te 6 

6 NACHE ON Crteneee het ctr tahun eae te homey ace ap ieecdquatral enc -iaunre saafeasie 6 
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DETAILED SECTION OF PLATTSBURG LIMESTONE MEMBER ONE 

MILE SOUTH OF WALDRON—Continued. 

| 

Number.| Stratum. | Thickness. 

Along Missouri River the Vilas shale is 17 to 20 feet thick, 

is argillaceous, and, in places, has a reddish cast. The Stanton 

limestone in this region varies but little from that shown in the 

generalized section near the beginning of this chapter. 

The following is a typical section of the Plattsburg, Vilas, 

and Stanton members in eastern Platte and Clay counties: 

TYPICAL SECTION OF UPPER HALF OF THE LANSING FORMATION 

IN EASTERN PLATTE AND CLAY COUNTIES. 

ap WON 

mM 

sue BE n ® 8 ea oe ° ° i=] =] ® ® 

2 

eh Ie 

; ona e 

ee ee ee ee ee ee ee eee Oe 

Number. Stratum. Thickness. 

Ft. in. 

Limestone, gray; in thin layers............... 4 

f Limestone, gray; in-one bed.......5....--+++- (No. 115) 1 

Shale, PEBVY sc ss cvste ws vie mie neo ele Be ea ae 7 

Limestone, blue, argillaceous...........e.ee.. 9 

Shale, greenish and sandy above; argillaceous below (No. 

VTA) osc love 4 wid/v ointh ace muse sw tin oes aselotae pamela 6 8 

Limestone; built (NO. 113) eo. . wccters Gice geet atte kaerese tee eee 2 

| Limestone, gray; thin-bedded; with buff, shaly partings 

(NO D2) oS cca2e choirs ats oi stebd octane cote oe ee Otek ee 13 
Shale; slaty. in lower half (No. 111)... 6 wesw wusaune ene 5 

Limestone, blue; even-bedded; in 4 or more layers (No. 

110—base of Stanton limestone)... i. ces cee cen wne 3 

Shale, blue, sandy (No. 109—Vilas shale)................ 4 6 

Limestone, banded gray; in thin wavy beds; weathering 

buff and sandy (top of Plattsburg).......ssecevesegen 1 4 

Shale, buff; with layers and nodules of limestone.......... 2 7 

Limestone, noOGwlar .<<)<,s: . iis sfols.5, ocd elo tes apenas Se eee 4-5 

Shale, DUM « . 2 vers see's ks cic arettueie ete, oy hche RUS Seay Sele ome oe 8 

Limestone, bluish=@6ay cei oe es cute cess eres) war 2 6 

SHAG . oc sieve eiowse ii ose.e = n/olw s wie byeiwis oe teh alsa st ene 1 

Limestone, bluish-gray .« . «6 2 01 « slew s © oeleiely eiake mien neranane 6 6 

BRAG sess ici eee ae 015,66 bw Sere ¥ a ae aes Ba lee a See 2 

Limestone, bluish-grays <<. <).0 cs ve wwe «ante aie ntotepeneeae sane el 8 

BHBIS, DUS spe )e Sis wsehejape whe leiie ge sulle wee) s. cheiw else nee eaten nae ea eta 8 

Tdmestone, bull, Collulars 5 i006. .5 2.) 2 atarata' Wisin talents ein sew atk tata 9 

Tai estONe, RIA sie. alo ale'sieal oles epd'e slate siatwisig aie ste aire i er eranere | 6 

Shale, dark-blue, almost black...........0s0eseescescece 1 

Shale; with layers and nodules of limestone.............. | 1 4 

Limestone, blue (base of Plattsburg)........-..02---ee0e 4 4 : 
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Fig. A. Plattsburg limestone near Smithville. 

Fig. B. Stanton limestone (lower and main ledges) near Plattsburg. 
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To the southeast, the shale (No. 114) increases to 20 feet in 

places and contains a layer of sandstone, but is greenish at the 

top and bottom. 

In the northeastern part of Clay County, part of the Lansing 

is exposed near Holt. The following section was taken north of 

the town: 

SECTION NEAR HOLT. 

Number. Stratum. Thickness. 

| Ft. in. 

1 Limestone (Plattsburg), blue to gray; weathering buff;| . 

hard to shelly; cherty at top; shows the following beds: 

Fil. in. 

Limestone, thick-bedded, cherty.......«. 5 

Limestone, thin-bedded................ 6 6 

Siti Omeenedey arenes wate et ciel ental ACT atsiel egetarss star's 2 1 

AMIS. cic oH acaoabpossossaeDB obo) 2 

SONOsenrootceaetolo Grodan badeboedeobe 2 

Limestone, shelly; grading to shale below 1 6 16 2 

2 Sandstone and shale (Lane), shale at top; sandstone varies 

from hard to soft, red to white; is ripple-marked and 

cross-bedded, massive or thin-bedded, micaceous; in 

the middle is a 9-10-inch layer of blue limestone (Far- 

LOivg) Potetere tote Pay cera yay ariel onavies sors fercvereloictmtelcesnsivensieieraicrer-weccrsr=itche 65-70 

Ray County—The upland at Lawson probably contains 

part or all of the Lansing formation but aside from a few feet of 

the basal Lane shale, no outcrops of it were seen. 

Buchanan County.—In the southeastern corner of the county 

along Platte River there are outcrops of the upper part of the 

Lansing formation. Two miles south of Agency, on the east 

side of Platte River, the following is exposed: 

SECTION TWO MILES SOUTH OF AGENCY. 

Number. Stratum. Thickness. 

IME OM 

1 Shalem (basevO fs wWisStON)|l-tst ai -werete access, eterna ehekereneneisie: 6 ==) eye. — 

2 Limestone, gray; in two beds (top of Stanton)............ 10 

3 Sib call Ors token yew wore Bey cue chee tencoes sees tene. seni ecetelanalptesenele eiatekese Baty afele = 3 9 

4 Limestone, dark, somewhat sandy; 1 foot to.............. 1 4 

5 Seal ree aa ea oy of lcy ots Fenn oh shone ie pNelouer ste ate co ea aa ie tere emenena ateleceteer oa 5 

6 Limestone, gray, thin-bedded; top very uneven (No. 112). 16 

ef Shale, lower 11% feet dark to black (No. 111)............. 3 6 

8 Limestone; in three beds (No. 110—base of Stanton)...... 1 5 

9 Shale, and yellow, nodular limestone................00+- 1 

10 Limestone, finely striped parallel to bedding planes........ 4 

11 Shale and thin beds of limestone..............2200-00002- 1 2 

12 PANIC EON G mim pemnepe nate otelteieicreicie chelavera terol ietersialctevorctarcte ene tete) ete 8 
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SECTION TWO MILES SOUTH OF AGENCY—Continued. 

Number. Stratum. Thickness. 

Ft. in. 

13 s}otei Peron ooaanoboo Mods 6 oomabiadodas + Saget cucus\ioittefeieiererteae 10 

14 Limestone, buff, argillaceous; thin-bedded; grading into 

BHAA DOVE era ceceiepeusyrue is eis ouster ode aise se tetcel alaltetst alin takai tate 2 2 

15 | Limestone, gray; even-bedded; weathering to fragments 

Hize Of a hand: to water LEVielc sce s creienelsisvareissrl = oie) ai cleusnete 4 

Numbers 14 and 15 are typical Plattsburg limestone, though 

Nos. 10 to 13 may be included. 

Clinton County.—The outcropping rocks over a large part 

of Clinton County belong to the Lansing formation. At Platts- 

burg, the locality which Broadhead took as the type of the 

Plattsburg limestone, the following section was measured: 
: 

SECTION SOUTHEAST OF PLATTSBURG. | 

Number.| Stratum. | Thickness. 

| Feet. 

1 Limestone, buff, argillaceous GNG. 143). 25. a2. 022s eee 1 

Limestone, light gray; thin-bedded; with buff, wavy part- 

rb aY'3~ ed Gxt fto ean lp 24 ES inion oOo cn OGONO Doo meoObs os | ste 

3 Covered slope wih black shale scattered over it (Nos. 109- 

MDD) yexpaiin tater ern tel caver el diakap tic vonekcnel eas ole vane te tose colaieeneal d tott eee ae 9 

4 Limestone, dark blue; thin-bedded to finely 

laminated; argillaceous®. . . 2 . 0s sce ce cis (No. 108) || 5 

5 Limestone, buff, shelly; with calcite streaks; 

STACEHMDGOLAD OV Cie rs coke dete eterel bysnaier Verateie metas 6 

The lower portion of the Plattsburg outcrops a short dis- 

tance to the north. The section here is as follows: 

LOWER PORTION OF PLATTSBURG LIMESTONE MEMBER NEAR 

PLATTSBURG. 

Number. Stratum. Thickness. 

Limestone, white and buff; even-bedded, argillaceous 

Shale, Die, CLAY OY. oe. 5 sie a. oielderelnine owtelwsie's oie. close? vlaliehel aaets 

Tdmestone, Heb t uth. cs cceia'e 6, 0:0: cpeye vier overs) sia cosa) s\n) «hela ehs) See 

Shale, dark; calcareousat base. 2. 5. eee cee es ws we 

Limestone,, bull, slaly.ic)<, 0°. a,cyk he oe ee oe 

Limestone). bull, shaly<s . o..5 2 unc otis win oie wee eletetmininin sierels eae 

Lixo estone) Biwi sSHelycs eo. stone maptiaia ars bm ass etmrtererecah are etei nna 

Shale; blue to water........... mie a ese saohie farealla wie ate seb alae cnr anrwnd re 
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This section reaches to the lower part of the first section under 

“Clinton County,’ and with Nos. 4 and 5 of that, constitutes 

the Plattsburg limestone. 

The beds between Nos. 2 and 4 of the first section at Platts- 

burg are seen in the northeast corner of sec. 24, T. 55 N., R. 

32 W., as follows: 

SECTION IN THE NORTHEAST CORNER OF SEC. 24, T. 55 N., R. 32 W 

Number. Stratum. Thickness. 

Ft. in. 

1 Lil SHOMEy (INI, WIP) Sse Gado aosaoonouOgadacangauooobdad —_- — 

gz Shales black imi middle GNiow 11D) s.ns4scnee assesses ases- 5 
3 mimestomesenraye, Tesistent GNiO. 11O)i. . seat. tess seize ee ee ves 1 3 

4 Sialesmaina bi CNOr MOO) mentees ceeatcieu et nus cparterchaleasicash lela sda eucdsieve.e 3 

5 HIM EStbO Me GNI. LOS) ep sre sy ch ays mutes se shies sites soces et ap susie rebec elle whe lays coue = = 

The upper Stanton (Broadhead’s number 115), is seen at 

the head of the small branch in the SW. 14 sec. 30, T. 55 N., 

R. 31 W., as shown below: 

SECTION IN THE SW.¥%, SEC. 30, T. 55 N., R. 31 W. 

Number. Stratum. Thickness. 

Ft. in. 

1 Shale, argillaceous; with brown ferruginous concretions.... —_—_- — 

2 Limestone, very shelly; weathers to small pieces.......... 3 

3 LPG OO, ERED oo Clon DOW DOO DOES OB COON 6-0.0 0. ORO UO oe OOe 4-6 

4 NAITO STONES SLAY ies enerecs seliet oaspe: sl cits Joust at slinbesetlel o oMoyeyenduene “ev éleneh evans 10 

5 SINAUS GO IGE TID. eee bak SE ae ORE ET Eee eee ae 

- The lowest limestone seen in this vicinity is the Farley lime- 

stone bed, which outcrops at the ford in the stream at the 

northeast corner of sec. 30, T. 55 N., R. 31 W. 

Between Plattsburg and the outcrops along Missouri and 

Platte rivers, there is very little change in the Plattsburg, Vilas, 

and Stanton beds as shown on outcrop, except a thickening of 
the Vilas shale to the south and west. 

Although Lathrop is situated on a high divide at an altitude 

of 1,060 feet, the Plattsburg limestone is the highest rock ex- 

posed. The following section was taken on the head waters of 

Shoal Creek from where it crosses the line between sections 19 

and 30 to one-eighth mile north of line between sections 18 

and 19, T. 55 N., R. 30 W.: 
G—11 



162 STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

SECTION ON SHOAL CREEK EAST OF LATHROP. 

Number. Stratum. Thickness. 

Fl. tn. 

1 Chert, black; weathering to blocks....... Waa Taitalte eal one tetera | 14-2 

2. | Limestoneseven bed aeicc-ok ctcloce dere ateitctereer eet eee 3 
3 Limestone, gray; thin-bedded; buff onpartings............ 5 

4 | Shale) Arabi. .isitre's W eles wjelwichs¥ervicte:o whe ateneteier eens tallawer aii. tke eae 1 6 

5 | LeimmeESONG’: Sietsia:c,.c) ele ieiale ate, vie soe talete aievercisistenenetens alee tekecenanemeteee 10-12 

6). “Shaley drabls sas shies tieee ce eee ee 11 
a | Limestone, gray; weathers buff; shaly..................- 2 

8 | Shale and Shaly: LIMESTONE... crajieie scpe ers © ole) cleie he fo wioleueie ele nareeee 1 

9 Limestone, thick- to thin-bedded................0cee00 3+ 

Below this, drift fills the bed of the stream and there are no 

outcrops for some distance. The entire section belongs to the 

Plattsburg (No. 108). 

The next outcrop seen was on the east bluff of Shoal Creek 

nN GCS BA, INS SY ING, IRo SO) Wee 

SECTION ON SHOAL CREEK ABOUT FOUR MILES NORTH OF 

LATHROP. 

Number.| Stratum. Thickness. 

Feet. 

1 | Shale, buff; resistant; calcareous or sandy; brittle; in c 

places hardening into a very firm, blue, calcareous sand- 

stone (base: Of Plattsbhungyis iste a 2c cic ae efelaisis 0 nislekia me atene 15 

2 Sandstone, shaly and calcareous)... 5.005.040 0's us» sien 5 

3 Covered, argillaceous and sandy shale in places........... 50 

4 Calcareous sandstone in bed of creek................--+- —— 

No. 1 of this section is doubtfully referred to the lower part of 

the Plattsburg. The remainder belongs to the Lane shale. 

The northernmost outcrop which can be definitely corre- 

lated with the Farley limestone bed is on the south side of the 

creek, on the road in the eastern part of sec. 14, T. 56 N., R. 

30 W.: 
SECTION SOUTH OF CAMERON. 

Number.| Stratum. Thickness. 

Fl. in. 

1 Limestone (Plattsburg)) sco. sue ree vie © bins cyels Gee sania eee _-_ — 

2 Covered, shale: and ‘sandstone. (5). 4...5) 5 2). stalnuiage eeelee ea eere ieee 20-25 

3 Limestone} PGor OUtCrOp’s sic) <,<.as «.c-csceit ls c.< atabwle sated «ie Sistas sete 2 

4 Shale and limestone; poor outcrop. .......--e ses cencees 4 6 

5 Limestone, blue, resistant, oolitic, sandy (Farley)......... 3 

6 SHE; SAMA S56 wei 6 ois w-slaw ie ee Oe wieleleione wolmiotsve awa aie Am egies — 

a 
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Caldwell County——The Lansing is the highest indurated 

rock formation in the west-central and northwestern portions 

of the county. Both of the limestone members at the top of 

the formation outcrop west of Kidder. The section closely 

resembles that at Winston, Daviess County, to which the reader 

is referred. 
Holt and Andrew counties—The Lansing formation does not 

outcrop in these counties, though the deep drilling at Forest 

City shows the nature of the formation. 

De Kalb County.—Grindstone Creek and its tributaries in 

the vicinity of Maysville, Weatherby, and Fairport show small 

sections of the Lansing formation. The following section was 

taken near Maysville in the northeast corner of sec. 2, T. 58 N., 

R. 31 W., on the east bank of Lost Creek: 

SECTION NEAR MAYSVILLE. 

Number. ‘ Stratum. Thickness. 

Ft. in. 

1 Shale, buff, sandy, brittle; calcareous; weathers reddish 

EONS paosacopeonde nos DUO dAOUnOOOodOUDo CODD OODDOSS 3 

2 Limestone, gray, or slaty blue; thin-bedded, cherty; chert 

weathers out into brown porous masses.’......-.--.-+--- | 3 6 

3 Singio, WowWih, CHCREOUES diolc ocudoodounnoaogonoonocuD Ss ooOs | 2 

4 Limestone, gray, resistant; heavy-bedded; wavy bedding 

MEME. tcostosoconoduoodoboogopobonoonDdeS aber Hons 3 3 

5 Simin iNints GEA Gas 6 5 pou dH OOO OD UO OU O BUODOU CO GOD OI Oma 1 

6 Shale, buff, caleareous.......... Sacduoooodsesogacsconode 1 4 

7 MrInMestoOnes Hilti, areola CCOUSss ec c ese =) eisi sie) «) «sls elle ais) ee sel = 4 

8 Slik. CeDo. GEN 6 oscopeU sooo ooKdnOooDdoDODGoODUDOND 2 

9 MiNeCSTONE wi DUdt ATA CCOUS <i ateleh erat elsteleiaceioren relia iaie) «lalelene (= Us 

10 SiMe, Cis} GENVGNTH.6 oop obcopdcocopREOdoU Hoe oo ooo oboOood 3 

11 Limestone, buff, shaly, resistant, brittle; grades into 

ME BOONEa Soboandougtoe on sob oo boo CO CUoN Eo OAD ES ONS 1 

12 Shale; grades into soft drab to black fissile bituminous 

Sihvedl Olam spemareredet eta reredeione ote sianarerai cies ote) /arel aie SoO0droocS0 bite oS 2 3 

13° Shale, blackish, sandy; resistant layer..............+..+--- 2 

14 Shales pluie. sand yin Ii CACCOUS Ec. le clclalsl evel = sisiere sis) ol mle aie 17 

Numbers 12-14 are correlated with the Lane shale; all above 

these with the Plattsburg limestone. 

The Plattsburg limestone is shown in the following section, 

taken by Buehler! in a quarry near here: 

‘Buckley, E. R., and Buehler, H. A., The quarrying industry of Missouri: 

Missouri Bureau of Geology and Mines, vol. 2, 2nd series, p. 245, 1904. 
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BUEHLER’S SECTION NEAR MAYSVILLE. 

Number. Stratum. Thickness. 

| Ft. in. 

1 | Stripping elay: ANG! SOUL, oie. 5 x cence syste eyareuetabs ener e potion oie teh eretete 2 

2 | Limestone, buff colored, fine-grained, compact; contains 

| CBIOILCTZOOGEA a/c syeuate a) a, ofctatel nba feliny=t ania ial ait ols iiaas) stale eet 1 2 

3 | Limestone, buff colored, fine-grained; splits into two beds;, 

WEAtDOLS TADIGLY 6 «ic os ww dhere tore Seles Sree ele eletere sneer. Whelan 10 

4 | Shale, white. ... 2... cece cece ee eee eee ee ee we teense eee 6 

5 | Limestone, yellowish-brown, granular, soft; used for well 

| PReXe woo AOD OOGO DAO DO OOOD oe OO oOo cE Oo sy 4 

6 | Limestone, blue, colored buff along bedding planes, fine- 

grained, fossiliferous; contains small calcite geodes.... 8 

7 Taimestone;, like a DO Wer arej< a1 sta ade tetel etm m ele iniiets lee retell anaemia 8 

8 | Limestone, dark blue, finely crystalline; contains calcite 

Pecrotste en G ADOC OOOO IGE Oh OO OOO eb aN OS cee | 1 

9 Limestone, blue; fine-srained 2c ee< ces =e tees ohne ee eee . 8 

At Weatherby the Plattsburg limestone is poorly represented. 

Following is a section in the road in the middle of sec. 27, T. 59 

N., R. 30 W., south of the Rock Island Railroad: 

SECTION NEAR WEATHERBY. 

Number. é Stratum. Thickness. 

| Fl. in 

1 Limestone, brown; very arenaceous; weathered to porous 

TrAGSMONES soc cucis cis ae miclaneicncle Greleie se eiel sar te leleietle nets teiatanwanraneme 3 

2 HBr bseks}<) (ool Say Gta OM Rae ND Eres QO Md Do Oe he 3 

3 Shalev ccseaene aloes Sf Sea este eC ee 1 
4 Limestone’ (base of Plattsburg). . sc0.c ce cece ose cece estes 4 

5 Covered, shale at bottom; probably all shale or shaly 

BANGStONne  (Hians) isc clcleiere cel etoile ielasetete's/eielaterte Crecente: 2 35 

The Stanton limestone was not exposed at any place visited by 

the writer, but undoubtedly occurs in the northern and western 

parts of the county. 

Daviess County.—The best outcrops of the Lansing formation 

in the county are found west of Winston. A typical section is 

as follows: 

TYPICAL SECTION NEAR WINSTON. 

Number. Stratum. Thickness. 

Ft. in 

1 Limestone, gray to buff; cherty in places..............+-- 12-16 

2 Shale, dark at top, yellow at bottom where it contains 

small calcareous Concretions. ......escccsecccvecscsecs 3 

3 Limestone; heavy with siderite (base of Stanton)...... i sie 2-4 

4 
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TYPICAL SECTION NEAR WINSTON—Continued. 

Number. Stratum. Thickness. 

Ft. in. 

4 Shale; calcareous or with nodular limestone.............. 3 

5 Coal; represented in some sections by 1 ft. 9 in. black,| 

AlatyeDibUmENOUsSIsHale ayers asic edststs cule > lays) e) oles eleven «ie. 1-4 

6 SNaleowmsanaiys (ake Ole Villas) i easr-uemeyioms tence re ter syne elles eater 2 

7 MiMeEsSLONe mth SH al ycaven owen n- ue ercctsheenstere iets cus) ahve (lala) olsiiarre 3 

8 Iba, WIUNWO>6 dodgoo cocade apace een aes DooOno OOOO oS Gomme | 3 

9 PiImMestOnenDliLe, LESISvAT bre pe a) tse a) eile «) is eileoe) «el nliose sel'e) = 1 2 

10 SMBs secs cecedococoddeonoooConcocmaoEMOOD SoD eDoK ene 3 

11 Limestone, shaly (base of Plattsburg)..............-++-. } 1 6 

12 Shale -and sandstone; becomes more arenaceous toward 

bottom; locally contains a thin limestone (Farley) near 

THONIGIGNKS) (ILENE) oe agooceonboocagoososeobercooUHoODsONOEs 50 

13 MAME ASR CO Lys OFM ALI OM aise ke cus. Sunie oiay Sess pene lellecep auc tel scene emece —_—_- — 

In the northwestern corner of the county the tops of the 

highest hills show fragments of a brown, porous, arenaceous 

material which is thought to be weathered chert from the 

Plattsburg limestone. It resembles the tripoli of Newton 

County, Mo., in texture though not in color. Its stratigraphic 

relations have never been clearly ascertained. North of Pattons- 

burg (sec. 21, T. 61 N., R. 29 W.) the fragments were found 

50 feet above the Drum limestone. Northwest, along the Wabash 

Railroad tracks, the fragments were 30 feet above the Raytown 

limestone bed. About four miles northwest of Pattonsburg 

the following section was taken south of the tracks: 

SECTION FOUR MILES NORTHWEST OF PATTONSBURG. 

Number. Stratum. Thickness. 

Ft. in. 

1 Shale wbirieDciL tle Sam dys kercsalat yatta erste teheveo ence shes venels eracs obs 1 

2 Shale, dark blue; argillaceous at base; lighter and arenaceous 

toward top; one foot from top is a thin layer of sand- 

FE ONTO eg te teva nereey on eecel net tot ePaper ecto alana a latwjiaievelieretee\e soe. <a 11 

3 Limestone, blue, shelly, fossiliferous..............-...... 8-12 

4 Limestone, buff, gray at top, brittle; sandy; thin-bedded;| 

Wiha Vers Oc MMP Une CMO G re jtalalln eeie in ietelele, «(efenelete lee oe aie | 

5 SIGUE HIS s Cae ee ane eae Ee echeee in cha ee CEC IC RCR EEC IRs eI 1 

6 RP EEAN EES R TICS pe ENN CANON EE een at lea Ne Matis nadine ae ariel niferiats iat my eCnmsel si spn itn ss } 1 

7 Shale, blue, argillaceous; contains septarian concretions and 

large irregular masses of limestone..................-- 10 

8 Limestone, dark gray, impure, fossiliferous............... 8 

9 Shale DlLue varrillaccOus neces sstels sieiecate eee al evel orate alse. /ece sie 10 

The chert in No. 4 may weather into the brown tripoli men- 
tioned above. 
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Atchison and Nodaway counties—The Lansing formation 

in these counties is concealed by later formations and is known 

only from the Maryville drill record (see p. 239). 

Worth County.—Outcrops correlated with the upper part 

of the Lansing formation are found along Grand River from 

Denver north. On the banks of Grand River at Denver, near the 

sawmill, the following section was observed: 

SECTION AT DENVER. 

Number.| Stratum. Thickness. 

c| Limestone; ‘gray, thin=bedd ed oye ccc iec:e)sinieci aie «sauce. elcielelete eieletene 8 

2 Limestone, gray, fine-grained, cherty, heavy-bedded; 

weathers with a bufl tinge. « «<0 eic.e~ risie x) vialeralelotalelevetetete 2 4 

3 Limestone, gray, thin-bedded):. 3... s/<ia:0,s <1 \«.0/e'm clsialelalceeleie 6 

4 Govered'; probably limestone® . 0. ...« sls «ss cic clone c eleietoteinre 2 6 

5 Limestone, gray; weathers buff; even layer............... 7 

6 Shale; at top buff, calcareous; below this a hard black 

| layer; black and ‘drabiat. DAB. . wo .se 6 cjere wie ata mene ae Sane L1G) 

7 Limestone, blue, fine-grained; even layer................. if 

8 PALO; CLAD a soley oieis lopetovese lnliaiteietetisyedelsicne| =p) aici (al ane eee 1 

9 | Limestone, shaly; very fossiliferous...................... iE 

0 Shale, dark drab} to waters... 0. ae di ecieoste levee a reisaenene 4 

Number 7 is correlated with the lower part of the Stanton 

and Nos. 1-5 with the main ledge of that member. The shale, 

No. 6, contains Choneles granulifer and otherwise resembles the 

shale -at this horizon in other localities farther south. 

The following section was measured at the old mill site 

near Denver: 

SECTION NEAR DENVER. 

Number. Stratum. Thickness. 

Feet. 

1 Limestone, Dutt, WOry SHAY s.. celrere)cleuuce 5 osateimicieloinin eialnuee iene | 1 

2 Limestone, ‘STay-sG-INCb DAS. co eyelets jcveteds iol crals) sl atetaas in eke tennene | 4 

3 CONCEBIOR seis. xcsota c's reve obere oe Uielele, © al ere tetole relate tafeheters) cian ai nanan | 11 

4 Limestone, gray; with worm burrows or fucoids........... 1 
i 

The lowest limestone in this section is probably Broadhead’s 

number 115. The beds in the two foregoing sections are also 

seen on the east bluff of Grand River at the bridge, one and a 

half miles north of Denver. 
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Gentry County.—The southeastern corner of Gentry County 

is the northernmost locality in the State in which there were 

observed sections of the Lansing formation approaching com- 

pleteness. A section taken near the center of sec. 35, T. 62 N., 

R. 31 W., where the road crosses the branch, shows: 

SECTION NEAR GENTRYVILLE. 

Number. Stratum. Thickness. 

} 
| Ft. tn. 

1 Limestone, buff, fine-grained; one foot to................ 1 3 

2 COMER sagan pocasspoo sd soo nodD Odo Sabo EOD Deo aE OoOoOraS | 2 

3 ILAANETHOMGE), LOW popddcosnoomO RO caso os oosOD dob aBooODeCD | 3 

4 WOveLedeynercr ta nla Sen eet ane oe ce Ae aaa eee) 12 
5 IDM HONS. [NIA coo conte Gono oA OnaccHOUOgNP ene OUD ago oS } 3-4 

6 Himestone, gray, impure; one foot to.-...-.-...........- | 1 2 
= ery Shalosasmenrortilmebonwew.cujeuecisciicie sretc aici er sioericees esis ae | 1 2 

8 SMMEVS), wh, CENCE HCO WIS, lorMinE. ooo dso odnn boo DUO Odeo HcooD 1 3 

9 Covered, apparently all shale......................52.-. | 60 

10 Limestone, gray, fossiliferous; in two beds in bottom of; 

GHBElS6 6g 0D co Heo. CO SGN MOO TO CHO COU 6 CO OmO LG Oe Urpin 1 2 

No. 10 of the above is the top of the Iola, the heavy shale is 

the Lane, and the beds above belong to the Plattsburg, Vilas 

and Stanton. 

Near the south side of sec. 23, T. 62 N., R. 31 W., north of 

where the road turns to the south, are: 

SECTION NEAR GENTRYVIULLE. 

Number. Stratum. Thickness. 

2 Fi. in 

1 Limestone, gray; composed of fragmentary fossils......... 1 

2 Slopenwith outcrop of black shale. aus cscs cc ccc ee sce s 16 

3 Limestone, buff; very fine-grained; with interbedded shale 2 2 

4 Limestone; several thin layers with interbedded shale...... 8 

5 (COME can addoqeagoceasoobes co Dob OAS ooo ae eee Coe 19 

6 HN EstONes UNMIfOLTIMY DOG mies cysts cs. ole tetencitel acne s Ste Sn cieie: eyeuesepeda 5 3 

7 SUBD odict Gh Gro SUIS oak O cloA ob o Ole NcoI ErCrebone CSREES o 4-6 

8 mimMestone--NOGiMarr, GD UTSick. aysmergtaichoteye tanaraotuetec! silelsveilazezeusy ese 1 6 

Numbers 5-8 belong to the upper part of the Lane shale; Nos. 

3-4 to the Plattsburg; and No. 1 probably to the Stanton. 

Near the south side of sec. 26, T. 62 N., R. 31 W., up south 

bank of creek northwest of ford, are exposed: 
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SECTION NEAR GENTRYVILLE. 

Number. Stratum. | Thickness. 

| | Ft. in. 

1  |imestonev pray, thin-bedded!s- ees = ose nee eee | 6 
2 33) CS SOE AD DODO DOR inns Oona SO Co codigo nrsec sooty 31 

3 | Limestone, buff; even-layer; fine-grained................. 1 

4 |(Shale.and! thin limestones. «cin annette oe eee 8 
5 | Limestone, buff; shaly in places :..3< 6.6 o.4 6 ccs ose owas 3 

6 | COWOLCG IS, <a erase rwie: svansioleonl ees inusreieiere kellie telsic ete ek ole eee eee 14 

7 | Shale, buff, calcareous, sandy, brittle... ..........c.cce0008 5 9 

8 | Shale, drah;'to.creekice s,s > <j.-c ee Sis a eal a ee ee ee ee 12 
| 

Number 1 is possibly the Stanton but may be the Iatan member 

of the Douglas formation; Nos. 3-8 are probably the Plattsburg 

to Stanton. 

On the road near the southeast corner of sec. 35, T. 62 N., 

Revol Weare: 

SECTION NEAR GENTRYVILLE 

Number.) Stratum. Thickness. 

| Feet. 

1 Slope with scattered fragments of limestone..°>........... 15 

2°” | Limestone, blues .<.. 5 f...c.aica ta mantaveemye tee eee 1 
3 Shale, drab. 55/205 v-siee cle <tera, o/esa we, woe) > eae eee ae 9 

4 | Limestone, gray; thin-bedded; fine-grained; top of each 

| layer covered with what appear to be worm burrows.... 13 

5 Slope with, outcrop of black shale... . 0. eco eel wee eer 10 

6 Limestone, gray, weathers buff; fine-grained; slope with) 

fragments of brittle, buff, calcareous shale............. | 3 

Number 4 is probably to be correlated with the Stanton and No. 

6 with the Plattsburg. 

The two following sections are both in the Lane shale, 

below the Plattsburg limestone: 

SECTION AT NORTHEAST CORNER OF SEC. 30, T. 62 N., R. 30 W. 

Number. Stratum. Thickness. 

1 Slope with fragments of buff, calcareous shale and weathered 

porous masses of calcareous sandstone...............-. 

2 Shale, drab, sandy, micaceous: 2.5 5 =< kraere > aslo eee 

3 Limestone, gray, fossiliferous; thickens to four feet 50 feet 

Be BHOMU GEN, 5 a oases calor G SS corer = yor wt mie leer eee a 

4 Shela weses eh ao Re wh ewe Ss ie wie ys ee 

5 Limestone; gray, fossiliferous.....< < i5.% 5s cles ea © 6 biclale sis a's = 

6 Shale, bright blue...... o10 99 sl & wer a here, vipte inane £4. Share: gee ere 



DOUGLAS FORMATION. 169 

SECTION SOUTH OF CREEK ON EAST SIDE OF SEC. 18, T. 62 N., 

R. 30 W. 

Number Stratum. Thickness. 

Fl. in 

1 himiestones eray, tOSsilifenOUsic ote sterere!ereur ee eee) eieichs cue see che 6 

2 Steeler aly mrdeeckareusresebe rect tere ws eeteonseetel pale pekeliaien eatriat sriatate cane oul | 2 6 

2 Shale, buff, calcareous, brittle, micaceous................ | 4 

4 Shale, calcareous; grades into above...........2..+-2++:- 2 

5 Limestone; two thin layers with interbedded shale........ 1 2 

6 Shale, blue to dark; with two very thin layers of lime- 

BLOMON reper tee wagsetcuenei use oven ehtehetenseehene cies ue ones weneeareiene sue cua 7 8 

No outcrops could be found on Grand River near Darlington, 

probably because a deeply buried preglacial channel exists at 

that place. 

Harrison County—Broadhead reports an outcrop of the 

Plattsburg limestone in the northeastern corner of the county, 

but the writer failed to find it. It is probable that the whole 

thickness of the Lansing formation occurs in the western part 

of the county but is covered by drift. In the section south of 

Bethany (page 151) the upper bed may be the Plattsburg. 

It resembles the rock doubtfully referred to the Plattsburg in 

Daviess and Gentry counties. 

DOUGLAS FORMATION. 

CHARACTERISTICS. 

The Douglas is essentially a shale and sandstone forma- 

tion, though the Oread member at the top is one of the thickest 

limestones in the Pennsylvanian. The variation in thickness is 

shown by the following measurements: 

Ie COMMUN. oo ooo Ube D OOo EOD OO IDM 300 feet. 

HOTESt City Grillin ye vey. 2 coe syedeesde) cos ledsyiseret sila) oie) c 21 Omen 

Maryville drilling....... Ab56}0 CORO CO MOOS 238) “* 

EXO RIM Sori sept vais she ehccelsvers/ cite) «vee cp steve ete 200 “* 

The strata below the Oread member are rather irregular because 

of the lenticular nature of the limestones and the presence, in 

certain localities, of basin or channel-like sandstone deposits 

seemingly unconformable at the base. 

Coal has been found at two or more horizons, at one of which 

is the thickest coal bed in the Missouri group. The stratigraphy, 

on the whole, bears a close resemblance to that of the Cherokee 

shale and Pleasanton formation. 
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MEMBERS. 

Weston shale member.—The basal member of the Douglas 

is the Weston shale, which is argillaceous in most places and 

varies from 60 to 100 feet in thickness. Its soft nature causes 

the overlying Iatan limestone to form an escarpmant where not 

concealed by glacial drift. 

Iatan limestone member.—The Iatan member is a dark to 

light gray, mottled limestone with large red blotches in places 

on the weathered surface. The most usual mode of weathering 

gives it a corrugated appearance. It appears as a thin and irregu- 

larly bedded or massive limestone. The thickness of the Iatan 

varies from 2 to 22 feet, but, except in two areas, it is present 

at its horizon both in outcrops and drillings. The Forest City 

drilling indicates that it was never deposited in that region 

and in southern Platte County it appears to have been removed 

by erosion preceding unconformity. 

Lawrence shale member.—The Lawrence shale consists of 

130 to 200 feet of shale and sandstone with two or three coal 

seams and a limestone, the Amazonia limestone bed, which in 

places attains a thickness of 16 feet. The thinning of the Law- 

rence shale is from south to north as is the case with most of the 

other thick shale members. The upper 10 to 20 feet contain 

in practically all outcrops and drill records a prominent bed of 

red shale. 

The Amazonia bed is 25 to 100 feet below the top of the Law- 

rence, the interval decreasing at a fairly regular rate from south 

to north along Missouri River. Above the Amazonia the Law- 

rence is prevailingly arenaceous and below argillaceous, but this 

does not hold true in all sections. The shale above the Amazonia 

contains a coal seam and another is found 10 to 20 feet from the 

base of the Lawrence, but both are non-persistent. The latter 

is overlain by an impure, very fossiliferous limestone, and under- 

lain, in many places, by red and blue shale. 

The channel sandstone which outcrops in southern Platte 

and southwestern Clay counties is an unconformable bed that 

appears to be of Lawrence age. This sandstone is the highest 

indurated formation in most of its area of outcrop but its age 

seems to be fairly well established. Drillings at Valley Falls and 

Atchison, Kans.!, show the sandstone to be overlain by the 

‘Haworth, E., Special report on oil and gas: Kansas Univ. Geol. Survey, vol. 

9, plates CII and CVI, 1908. 
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Oread limestone and there is little doubt but that it passes 

below the Oread escarpment at Leavenworth, Kans., all of 

which occurrences indicate its age to be Lawrence. In much 

of its outcrop it replaees the two lower members of the Douglas. 

It is described more fully below. 
Oread limestone-member.—The Oread limestone consists of 

four beds of limestone separated by three beds of shale. The 

lower limestone is of a blue or gray color, 3 to 8 feet thick, 

weathering buff or gray. Above it is 10 to 20 feet of blue or 

drab, sandy shale or red clay. The middle limestone is a dense, 

dark-gray, even-bedded rock, in one or two layers, jointed 

perpendicularly, and about two feet thick. The shale above is 

about five feet thick and is usually, in part, black and slaty. 

The upper limestone varies from 17 to 35 feet in thickness, is 

thin-bedded, contains cherty layeis, and has buff, wavy, shaly 

partings. It is characterized by the abundance of Fusulina. 

Above the upper limestone, and commonly separated from it 

by a thin film to 14 feet (average about three feet) of blue or 

gray clay shale, is the so-called ““Waverly flagging,” consisting 

of three feet or more of gray, somewhat oOlitic limestone with a 

splintery fracture. The Oread limestone forms one of the 

best marked escarpments of the Pennsylvanian, where not covered 

by thick glacial drift. 

REGIONAL VARIATION AND DETAILED SECTIONS, 

Platte and Clay counties—The entire thickness of the 

Douglas formation is exposed in Platte County. North of the 

latitude of East Leavenworth the base of the formation is the 

Weston shale, overlain by the Iatan limestone. South of East 

Leavenworth the horizon of the formation is represented by a 

channel sandstone, of Lawrence age, and its accompanying 

conglomerate. This deposit extends from Missouri River 

across Platte County and four miles into Clay County, forming 

the divide between the Platte and Missouri rivers. North of 

its outcrop no trace of it could be found; farther south, it has 

been removed by erosion, if ever deposited. It has a maximum 

thickness of nearly one hundred feet and is accompanied locally 

by a basal conglomerate composed mainly of fragments of lime- 

stone in a calcareous cement. It is unconformable on the 

underlying rocks. In places the sandstone and the locally 

developed basal conglomerate have been found resting on 

some part of the Stanton limestone, well below the top of that 
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member; in others only the upper part of the Weston shale 

had been removed before the deposition of the sandstone. In 

most of Platte and Clay counties the sandstone rests on the 

upper layer of the Stanton limestone. 

Near the contact with the underlying limestone there are, 

locally, concretionary forms of white, vitreous, calcareous sand- 

stone and bands of material containing much siderite. Coal 

has also been found near the base. The main body of the sand- 

stone varies from a massive to a thin-bedded structure, con- 

tains beds of clay shale, is cross-bedded, and has ripple marks. 

The best outcrops of the basal conglomerate are at East 

Leavenworth, north of the store, where it is eight and one-half 

feet thick, and in the northern part of sec. 31, T. 52. N., R. 32 W., 

where it is about five feet thick. It is cross-bedded in both places. 

The best outcrop of the coal accompanying the sandstone was 

seen near the southwest corner of sec. 36, T. 52 N., R. 34 W., 

where the following section was measured: 

SECTION SOUTHEAST OF FARLEY. 

Number. Stratum. Thickness. 

| Fl. in. 

1 | SANGBLONE | ie sec: oes eres aisiisde im ote aefele tee ae eee) elicitekate tate ae i—- — 

2 | Shale, arenaceous; with thin layers of sandstone.......... irae tt 

3 Coal, POOL. 6 cis: a: «cso, aioe, 010 fo m1 8a] wal olution tsliatns alcaltal a sian em a ee Ss 

4 | Shale, black, bituminous; grades into next below.......... | 10 

5 Shale; Grab <5 .ccays sisis wejere cian palaye lara ohels Was) olen arnt aces ele 4 6 

6 | Sandstone, calcareous; firmly cemented................:. 6-11 

7 | Shale, drab, clayey. ......-. 2s eee eee cree eee reece eee <x 6 

8 | Shale, drab, clayey; more resistant than last.............. 1 6 

9 | Sandstone; DrobDaD Ys Sc. 0ke Ste se. ckwie ie) cles 6 ow a) coe yakcbe oes 20 
| 

The conformable members of the Douglas outcrop north of 

the sandstone area and do not occur in Clay County. The 

Weston member is a clay shale with no sandstone. It contains 

the concentrically-banded iron concretions characteristic of 

many shale beds. It is about 60 feet thick near the southern 

limit of its area, but increases to 80 or 90 feet near the north line 

of the county. The Iatan limestone above is gray with red 

blotches, thick-bedded in fresh faces but weathering into thin 

irregular beds having a brecciated appearance due to the leaching 

of the crystalline calcite of the fossils. Its thickness varies 

from 8 or 10 feet to 22 feet just south of Iatan. The following 

section was measured one-half mile northwest of the Weston 

depot: 



Vou. XIII, 2np Sertes, Prater XIX. 
Missourr BUREAU OF GEOLOGY AND MINEs. 

Fig. A. Sandstone near Linkville, Platte County. Shows concretions at base. 
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SECTION ONE-HALF MILE NORTHWEST OF WESTON. 

Number. Stratum. | Thickness. 

Jap. OrDe 

1 Shale, calcareous; extremely fossiliferous...............4- | 2 

2 Shale; drab at top and bottom; buff in middle............ | 10 

3 Limestone, black, bituminous; shaly and sandy........... | 6 

4 Shale and clay; black at top, grades down through clay to} 

arab shale: (base of LawTeNCe))xerc cnc. see een ese wie ss se 6 4 

5 Limestone, gray, heavy-bedded (Iatan).................. } 12 6 

6 SOM; MeAar (AWSeD).c.o + oo oasedondodoeemonoocoseccgooos iO) 

7 Timestone s (top rOLsstaAMtOM)| le lepeie: a lelaie c= sees) «cee clie elim) <aasl =i fo. | 2 

The Iatan dips below the bottoms one and one-half miles north- 

west of Iatan. 

The Lawrence shale member in Platte County varies from 

175 to 200 feet. It is composed of clay, sandy shale, and sand- 

stone. Near the top is a persistent layer of red shale and near 

the middle a thin bed of crystalline limestone, probably the 

southern extension of the Amazonia limestone bed. Near the 

base is a coal horizon (in No. 4 of preceding section) at which 

there is a maximum of fourteen inches of rather poor coal. 

Outcrops of the Lawrence shale are poor and no detailed section 

could be obtained in this county. 

The upper member of the Douglas, the Oread limestone, 

is typically developed in Platte County and closely follows the 

description given in the generalized section. The so-called 

“Waverly flagging’? above the upper limestone of the Oread 

member is about four feet thick and at the top has two or three 

inches of calcite with a peculiar vertical cleavage (‘‘cone-in- 

cone.’’) 

Buchanan and Clinton counties.—The whole of the Douglas 

formation outcrops in Buchanan County and the two lower 

members occur in the western part of Clinton County. The 

section closely corresponds to that of Platte County but differs 

in the absence of the channel sandstone and in the presence of 

the typically developed Amazonia limestone bed. Other changes, 

chiefly in thickness, also take place. The lowest part of the sec- 

tion is exposed on Platte River south of Agency, where the 

section is as follows: 
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SECTION ON PLATTE RIVER SOUTH OF AGENCY. 

j 

Number Stratum. Thickness. 

= Fl. in. 

1 | Limestone, thin-bedded; contains Fusulina..... ]| 8 

2 | SIAC oon son wicni ee tals) oiniisinjalosololloyet ciel aueieyeielotehetonetteieisete (Iatan) | 3 

3 | Limestone, gray; weathers to a blocky form..... J 4 2 

4 Shale GWestoOx)) 3) io sarcips soso el cvorvishs ayesotrinielaietks ste See ee 100 

5 {) ted ss Ponte 1S term O00) ey cee eel tela sie fete need et sea es —S = 

The areal extent of these members in Clinton county is un- 

known, but one or both are probably present. 

In the southwestern corner of the county, at Tank (now 

Armour) Broadhead found: ‘2 feet dark colored, evenly bedded, 

ferruginous limestone, rough fracture, weathers red, upper and 

lower bed 9 inches thick with a shale band beneath the upper 

layer (number 128).’’ This is 15 feet above the railroad and 

116 feet below the upper limestone of the Oread. Broadhead 

called this number 128, but on page 122 he says “number 128 

was only positively recognized near St. Joseph.’’ This limestone 

was traced from its first appearance to St. Joseph and found 

to be the Amazonia bed (Broadhead’s number 137). It thickens 

to the north and also changes greatly in its general appearance. 

At Rushville it is shown in the following section: 

SECTION AT RUSHVILLE. 

Number. Stratum. Thickness. 

| Ft. in. 

1 Limestone, blue and buff; with buff shaly partings; cherty 

(upper limestone of Oread member).........eeeeeeee- j> 18 

2 COVereds ADOUWLG >, c\ cos :0.0lavala-e\a/e1a'(s 01a valiai «fel el olaicele alo: Saker aldpes ante 35 

3 Limestone, buff, shaly (lower limestone of Oread member)... 3 

4 WOvercG) AOU LE sre c15 215 wore eielainl= (eel ehar shen ateyel wielars lel ale te lele tehessety 60 

5 Limestone, gray, even-bedded, fine-grained (Amazonia).... 3 8 

6 Shale; blue, Ola yOys-. 06 ‘eiicve afare sted e alee e vteleroinere te ni pie ie renee _-_ _— 

The shale above the Amazonia is sandy in most outcrops and that 

below clayey. Between Rushville and St. Joseph the Amazonia 

is about 100 feet below the upper limestone of the Oread 

member. 

The rise in the strata above Rushville exposes the following 

section in the NW. 4 sec. 5, T. 55 N., R. 36 W.: 
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SECTION NORTHEAST OF RUSHVILLE. 

Number. Stratum. Thickness. 

Ft. in. 

1 Limestone (No. 143) (lower limestone of Oread member)..| — — 

2 Covered; slope and shale...............seceeees So mee,vod 40 

3 COs gostei Ao edbogue oo awedeo.0 0005 b00 Deo bdo digoc- cps oee 5 

4 Shale, blue; with occasional layers of micaceous sand- 

MIME, ogacocuooDeoaoHDOUD OOD SOOM CD DY OHOODDOROoODSDD 10 

5 Sandstone, blue; usually firmly cemented but shaly in places) 5 

6 | SAPs ccosedaocvoocmopsovcootcsonsaccuccpvadandooage O08 6 

7 Limestone, gray, even-bedded (Amazonia).............--. 5 

8 SMA, (tie CERTERZ. 4G a:4-ou. 6 DO MO.O. 6 G0 Gp om doo. Uio.o-o Up ule a 7 

9 Covered bomb Op bomcpver-werscneney net ielteien erent suet) ctet-roned-tenaitet sl -I==i- 40 

The ravine in the northeastern corner of sec. 1, T. 55 N., 

R. 37 W., shows: 

SECTION ON BLUFF, EAST OF HALUL’S STATION. 

Number. Stratum. Thickness. 

Tay, Vide 

1 Limestone, buff; thin-bedded; cherty; wavy partings (upper 

limestone of Oread member).........--.22eesscreeces 12 

2 Shale; black and bituminous in lower part; blue and argil- 

| IACIOUP TM MODES soos ooooonp Ooo gao DDD oO oOOdOODdaODOOCD 5 10 

3 Limestone, gray massive, (middle limestone of Oread mem- 

IDE) oon ooo dbsondccoosondoOOnDOOOoCUOUDO ODD aOODODDBOS 1 9 

4 COVGHCl. oso e5nnan coo boob Dd OOD DOs Ord UnODeOODODOOdO4oES 25 6 

5 Limestone, buff (lower limestone of Oread member)....... 7 

6 Sie, WhiGscroocognacopocodno Vos cocbocoU ooo oEsCns0006 8 

7 COVEHEGs pono bondoddcoOOKUOnODbOCOod oO oundpooDDlDoGoBS 57 

8 Limestone, gray, even-bedded (Amazonia)............... 5 

One-half mile north of this place the Amazonia is seven 

feet thick, the upper two feet shaly, the lower five feet thin and 

evenly bedded, and the whole weathering buff. 

The section at Atchison, Kans.,! is inserted here to show 

the relation of the coal worked near Atchison to that on the Mis- 

souri side of the river. It also shows the beds above the Oread 

which occur in the southern part of Buchanan County but are 

not well exposed. The correlations in parentheses are the 

writer’s: 

1Kneer, E. B., A geologic section from Atchison to Barnes, etc.: Kansas 

Univ. Geol. Survey, vol. 1, pp. 140-141, 1896. 
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SECTION AT ATCHISON, KANSAS. 

Number. | Stratum. Thickness. 

| 

Fl. in 

1 AD Jah rt Sie Gah SO OREO PACHA IG OM ao. cts Scanto pass } 50-60 

2 PERS ERERIO crovoye et orchco) aires alins's’oiays svsi/a oie feltelie Papen et eualcateet iene tee eae ne eae }—-—_— 

3 Eimestone; weathered -.o-.) oi. cpeleiertala reorient) ate | 2 

4 (eit AICO ICO Toi ceca iia Se nS A es | 2 

5 A Dy Wes (=i- 10) \- EEO OMI Mo FOR OOnOs rc cea ogc aoe sss 2 

6 Shale, black, slipperys.. cc.) <techscolenchoee miele ence vaiesucreimael snatcie terete 2 

7 Limestone; rich in Fusulina; darker than the following,. yet 

lighter than most of the Atchison limestones.......... =) 2 

8 Limestone; very light in color and much resembling Cotton-| 

wood Falls rock; ‘but not porous), 5.0. sees a eee 2 

9 Shale os ecciectare/Diihe Gis wie.ciers «wei ferain ofa testable ye cea eters ee 5 

10 Limestone; very good for building and mostly used for such 

DULTD ORO Wisse) ocaye n farnia.’6 ola: cualsieie oh ecelelcloreraiate prance stots Seater Rieter 6 

11 SBaAlOs: .. hc esis ioss aichpiain malas aun a miata ane eve ied ciogene cna etal eee 2 

12 fol: 3 Ee RSC ICO RTCA io Oto oO OCrEdC Ores oc mrocs > 4-8 

13 BAO ae e 5 sone: Seaptheeys aie whe. o)= Wie -eyvue mi eve rae ¥n se ere nies eee ee 4-10 

14 Sandstone; runs into shale in places and is common in all 

DEES 55,Shis 5.0.5: ata e'atiocc alot vue lor eh ene Tetevs) ous inie st OR netA ten eneaeae 6 

15 Shale; use extensively for the manufacture of vitrified 

| Le) ge) EO ate Bee Ice ary Qe een SOOO: giskic cme 20-25 

16 | Limestone, hard compact; broken at regular intervals into 

| large monoliths, very similar to No. 22 in appearance. . 2 

17 | Shale (base of Shawnee formation)... .0...0-..<seusccuseers 5 

18 | Limestone (‘‘Waverly flagging’’ in Oread member)....... 6 

19 | SHalle .p22e sjece payee fs “0.2 yuyvar a fe atn bahamas sada, ile bape Ree le ele 4-6 

20 | Limestone; more or less flinty; of little or no value for 

building purposes; used extensively for railroad ballast 

(upper limestone of Oread member)............0...+5- 21 

2 | Shale, laminated; containing more or less pyrite nodules. .| 3—4 

22 Limestone, hard, firm; breaks off in immense blocks, and 

is conspicuous in all bluffs (middle limestone of Oread 

pra} od of) erp Meee KO OLR Orton Ir ae A A 1 9 

23 SSRI a oo.'5, soya yes eye) wrwo rie soteloa ahs yo le te sotlah coal a) ol ack ore ha ar 9 

24 Limestone (lower limestone of Oread member)............ 10 

25 SBC 65 eye lous sie ares W Wlanatsy ossfie pole) atanstieae ,puletares atte eete het aeenememan 25 

26 Coal; worked at the Donald and Ada mines two miles south 

of Atchison... fi. entice wicis cine oe nediev a aane eee ee 16-18 

27 SSR GTO oie als Se leietn ake araleMevelaye sveyalana beled actes ciacas sales ely names ata 30 

The section above the Douglas formation is discussed 

under Shawnee formation. It will be noticed that there is no 

limestone at the horizon of the Amazonia bed, the same being 

very thin on the Missouri side of the river opposite this place. 

Up the river from Rushville the Iatan appears in the 

southeast corner of sec. 14, T. 56 N., R. 36 W. as three feet 
four inches of compact, gray limestone. 

A short distance north of Rushville the Amazonia bed 

loses its massive appearance and is thin but evenly bedded, 

gray limestone, weathering buff. These characters are retained 
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to the northern edge of St. Joseph, with a regularly and gradually 

increasing thickness to the north. In the northern part of St. 

Joseph, however, the lens assumes its conglomeratic appearance, 

“ferruginous conglomerate’? as Broadhead terms it, and in 

places attains a thickness of 16 feet. 

The following section combines outcrops, shale pits, and a 

drilling in the vicinity of King Hill, St. Joseph: 

GENERALIZED SECTION NEAR SOUTH ST. JOSEPH. 

Number. Stratum. Thickness. 

1th Cite 

1 LMS Guat Chitin ogcaccococonognOODDCooDOUbOnoOnroDOOUTOD = —«s == 

2 Limestone, wavy-bedded; thin layers; buff shaly partings 

(lower part of upper limestone of Oread member)....... a 

3 COVA. . cos aodocon be cOoenDdDOO OUD ODODOOCROUGOUDOdddD 19 

4 SMe. CB coacecoacwoous so ob pDOomOUdoDoDOO do Coco bCOmoOD | 5 

5 Limestone, dark brown; shaly to massive (lower limestone| 
Oi OuGHGl DIGI BrS)hAscassounooos souBdOCOUoUHOOC OO 7 

6 Sandstone and sandy shale; covered slope at bottom (top 

Git LE MEME) oocooqrconaconrosmenUCUO Oboe RpoOs HU aman 43 

7 Limestone, gray; even-bedded; weathers to buff (No. 137, 

AMaeAO MINE) LEC) 5 scascnoooteononcoduenDOOoDGO DC OOODHOO 7 

8 Shale, blue, argillaceous; with brown ferruginous con- 

GRUNGE 5 5 Sao Moen bdoncaedogoocHDoOeoUN dad aaoo mado 52 

9 Shale; very calcareous; fossiliferous; forms a resistant band 

WF ELOROLLECHOD DLO ET ierapercieraacidierceoreneistsie csepalcteacysiotelaieter elavel(= 2 6 

10 Shale, red and green; argillaceous (base of Lawrence)..... 15 

11 Limestone, gray and compact........+..s-+c2+-- 1 9 

12 SUGIG Pe RInAS Was Semecdo Sion oo cede apo pOmoDouOoG ' (latan) {| 3 

13 Pimestone eray, anGucOmpPach. sie siecle) s+ mee » ae 2 

14 Shale, blue, argillaceous; to bottom of pit (top of Weston) . 25 

15 Sales ru Ole jews tt is tera eee edsyene ee ate wcete) ave: ¥ oueiinaei(cye eNetioel = 50 

The details of the Oread at St. Joseph are shown in the 

following typical section: 

DETAILED SECTION OF OREAD LIMESTONE MEMBER AT ST. 

JOSEPH. 

Number. Stratum. Thickness. 

Ble in. = 

1 Limestone, gray, fine-grained (‘‘Waverly flagging’’ in 

COMEEKG! TeSA NE) Soo Oo ae OC HOS OOsOooOoooobOoUMODOOS 2 6 

2 Shaleedarkspilwe; area CeO uals... eteccherencercls ele teicle © s acc iactise 3 

3 Limestone; thin and wavy-bedded; with buff shaly partings; 

cherty in places (upper limestone of Oread member).... 21 

4 Sings Teltiiey Eades OS Cy 9a A le ar co oD OCI Oe cieea amie 3 

5 Sle Plaeke (PEP UMALMOUS sy alone cele) teil oi speheknyeony eo maateke <cte closes 2 

6 Limestone, gray, compact; with conchoidal fracture; 

generally in two layers (middle limestone of Oread member) 2 4 

7 Stara eC T A NC LAY. CMa inte i itetoca ler catera wlpuate tate as nteney=on0e rece ana 9-15 

8 Limestone, buff, argillaceous (lower limestone of Oread 

RACs orate hex erae ena C oitab eco 6. DEpiALcecG AN DIAL OI ERD AE perinacl 6=7 

G—12 
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Below this to the Amazonia limestone bed is a variable section 

of 34-45 feet of sandstone and shale with a thin bed of coal in 

places. 

Broadhead assigned his number 128 to Nos. 11-13 of the St. 

Joseph section, supposing it to be a different limestone from 

number 121. It is, however, the northern thin extension of the 
Iatan, brought up from below the river bottom by the anti- 

cline at St. Joseph. The thicker phase of the Iatan to the south 

and of the Amazonia to the north also resemble each other 

very closely and might easily be mistaken for the same lime- 

stone, both being “limestone conglomerate.” The same is true 

of the thin phases of the two limestones, that of the Amazonia 

at Rushville resembling very closely that of the Iatan at St. 

Joseph. The correlation of Broadhead’s numbers 121 and 128 

was made certain by tracing them into each other along the 

Platte and 102 rivers. The confusion of the two phases of the 

Iatan limestone caused a duplication of 96 feet in Broadhead’s 

section, his numbers from 128 to 136 corresponding to other 

numbers in his section. 

Holt County——Only the upper member of the Douglas, 

the Oread limestone, is exposed in Holt County, and its outcrops 

are confined to the southeast corner. West of Nodaway River 

there are some large quarries in the upper limestone of the 

Oread, north of the Burlington Railroad tracks. Almost contin- 

uous exposures to where it dips beneath the river show the irregu- 

larities of the next limestone bed above, the so-called ““Waverly 

flagging.” In places the shale between it and the upper lime- 

stone of the Oread feathers out and in others the flagging thins 

to nothing. The most western outcrop of the upper limestone 

as formerly exposed at the river’s edge near the corner of secs. 

23, 24, 25 and 26, T. 59 N., R. 37 W., is now coveredmewinm 

debris. 

Andrew and De Kalb counties——In the eastern half of An- 

drew and the western half of De Kalb the Douglas is the highest 

formation below the drift, except possibly on the highest ridges. 

There are outcrops of the Iatan and Weston members in the 

southern part of Andrew County, on the Missouri and Platte 

rivers, and near Clarksdale in De Kalb County. 

At the Cosby Mill on Platte River is the following section 

(Wheelwright): ; 

i- 
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Fig. A. Oread limestone in quarry near Amazonia. 

Fig. B. Amazonia limestone near Amazonia. 
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SECTION AT COSBY MILL. 

| 

Number. Stratum. | Thickness. 

Ft. in. 

1 Shale, green and red; sandy and micaceous; with an inch) 

bed of limestone three feet above base and a thin bed of 

SAMOA, escomsdesenoc nooo OOO ODS CRYO UC OMOD UoUOU ae | 4r 

2 Limestone, irregularly bedded; coarsely crystalline; fossili-| 

RENOWN [HOI PORVAMENASS Cod CONG acOOMOddOdCOODDO DODD ODO 1 3 

3 Pu aewCal CanCOUs rm rteiearepnateicrseiencienstetsiet=ienensial ateteietesienenelerene rere 3 

4 Limestone, gray; coarsely crystalline; sugary; fossiliferous 1 8 

5 SWS. concoodneddocgoasondoonooddoosaHopUGOUSoNNODdOS 4% 

6 Limestone like No. 4 but not so coarse at top; thin-bedded 

aDAsaneill aACCOUSMDe LO Wasielepepeneienctel sl ciens) si olsieistalelehalsicners|okcvale 11 

ve Limestone, bluish-gray, fine-grained groundmass with 

Cry stalstang mia mya tOSsil sweet -meletel=iaienel=) ele) a\iate) steliat-leleienelen=n 1 6 

8 Shale, greenish-blue; sandy; micaceous; slightly calcareous 

WO) WHEE HM TIVO e scagcecodcnoceoocsonbanacsogsccoues | 8 

Numbers 2 to 7 are included in the Iatan limestone. On Missouri 

River this member passes below the bottoms two miles north 

of the south county line. 

At Amazonia is the following section (Broadhead modi- 

fied): 

SECTION AT AMAZONIA. 

Number. Stratum. Thickness. 

- Feet. 

1 Limestone, thin-bedded; buff wavy partings (upper lime- 

SLOnerOLOread ATeEMIDEL) = aicsahete seus evareetei/siicle cock eves eye teve) a rausus | 20 

2 Slope wath red) shale im one place). 2... 2.5 «ccs. ee ees sane 43 

3 Limestone, gray; nodular at top; weathers buff (Amazonia 

OCC) Perereparersdace ciety ters Toyene vo he tatete Tieton tomeus ieaetohs: eocseh tee souls fis 9 

4 SIREN Gia. G Cid ye CRORE RE EEO Cis creche cic. ot chats Crd Ea eke cRrer Ce ae 42 

This place is taken as the type locality of the Amazonia 

limestone bed. The bed is exposed and quarried at several 

places on the point east of town and in the hill west of town. 

It is a bed in the Lawrence shale, thinning both to the north and 

south, as shown by drill records on the north and outcrops 

on the south. 

A short distance north of Amazonia is a crusher quarry 

belonging to Messrs. Atwood and Newell, and operating in the 

upper limestone of the Oread member. At the south end of 

the quarry the section is as follows: - 
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SECTION AT QUARRY NORTH OF AMAZONIA. 

Number. Stratum. | Thickness. 

< | Ft. in. 

yf Limestone, gray; thin-bedded; splintery fracture; fine-| 

grained; 30 inches. to.,;.. sitesi naieless el ctainis hale /sleralaieie ate 3 3 

2 Shale, dark; argillaceous; 30 inches to..........eeeeeuees | 3 

3 Limestone:resembling Above .'. <i.) ese olsen oie sisisie eeienieiee 3 

4 Limestone, blue, cherty; thin- and wavy-bedded; full of 

Wusulina « oo 2 <). 25 esse 301s cfu sto sie wie nie ete elas is aie eee Oe 9 6 

5 Prominent bedding plane:, <<)-. ess « 1c niatetelaterel ve eto eunieraeione — -—— 

6 | Limestone like: No 4. r= 2:2 wis. 0.5 pieuaniete bie eieleietele eRe 7 9 

In places the total thickness of the upper limestone of the 
Oread is 22 feet. 

At the north end of the quarry and in the railroad cut 
nearby most of the Oread is well exposed and is nearly 50 feet 

thick, as shown in the following: 

SECTION AT QUARRY AND RAILROAD CUT NORTH OF 

AMAZONIA. 

Number. Stratum. Thickness. 

“ / Ft. in. 

1 | Limestone, gray, oolitic; massive; weather- (‘Waverly |) 

ing thin-hedded:s\.\2,2 =v ejetsicoamic pai oes flagging"’ 2 

2 Shale, parting...... SR yeretitere,aieretinaranele sane meee in Oread 6 

3 Limestone, like: above’ os 53). << <\ss)s seas <= member) 1 

4 Shale, blue, argillaceous’ o)<...2)e% cistern ocous vlore iw cclece mice nen 3 

5 Limestone, like AbOVG:, \.\<% oie. o sea ieee ncaa (Upper 3 6 

6 Limestone, thin- and wavy-bedded; cherty; full] limestone 

of Fusulina; with prominent bedding plane of 

between this and layer below............ Oread | iz 

7 Limestone, like:above ..5-. <:cjoc,si le, <is.cievoiw sicre ate member) /+ 9 

8 Covered slope, with blue, argillaceous shale at base grading 

into; DEKE DELO W sje =) eye = eee nicl alee oecleraim bila hersiete ateta teeta ee oR 

9 himestone; cerry SHALY ev. aici c celta ric cl eehele erate 10 

10%) | 'ShalOsa.001., eckreeteic clas. o- bets ee tee soni eee (lower | 6 
11 Dimestone). DUM. x05 Sass eters ae chee ene eee limestone | 2 

i2*),\||Shalo. Mc. st een ee ee ee of 8 
13 EAMOSEONO 5,6 )S o.0. ts caisanlermvaters cuare p puncte musce ai ieioes Oread | 6 

14 BHO 5 rere jaye oc erese.cye wie, cetghenis cin c Oerereeree eee member) 8 

15 DAiMOBtONE. ./o.c:6.4 es we nese eter ater sie a shoe eae 8 

One and one-half miles west of Amazonia, at an old quarry, 

Broadhead observed the following section: 
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SECTION ONE AND ONE-HALF MILES WEST OF AMAZONIA 

Number. Stratum. Thickness. 

Ft. in. 

Limestone, oolitic with splintery fracture; beds rest directly) 

on each other without any shale parting (No. 152)...... ak 

ra 

for) 

PUNeES TONE OLIN GMD OWA eh epsiatlet=el seis. = fetenene ker oe) deedi=n= ces) = | 

Limestone, brown and blue, shelly.....................-.- 

HIMES TONE wOLUO Shall you cestayenscarscsiap aware cheval cider ee ene oteb cde eanateks 

Lit aOViOme, HiNbAG cookacscoccompAdenc Boden doonoede ado 

PimMestoney DU ekanGuy TOWN rey .tevs) sieerc lene elepeie ele) ictal eecvefiees cose 

LFA THIOIOS Wo dio-cowito ol SMA Oo ROD MOD EA OO CAs COOLED Hae 2 

IDEAS HOMEY LyrOnAle poasocg ead ooo Noda OD eOoeOdo DUA OOO OIG 1 

Limestone, brown and blue; chert concretions near 

BOUGICIE . odamadoon Doorn eoOonno Teo On00 On DAE GOO bo GED 2 6 

11 | MIMEStONe MIN Gs tl yan Ow Meret ha tee ae taeecnene ems caie aeasiererer | 

12 laine CSL On Cree een omet eee yeas se omerae pee ae tense ener atcirorsihNe ua sionsatee 2c 2'ror ae 

ww hv » 

SOMANAA PR WW 

eH 

Or nN Ww 

ra for) 

Numbers 4-12, 15 feet 3 inches thick, are the upper limestone 

of the O1ead member. The thickness of the flagging here is 

rather unusual and Broadhead may have mistaken the upper 

part of the upper limestone for the lower part of number 152. 

As now exposed (the quarry having been abandoned) not over 

four feet of the flagging outcrops and the upper limestone is 

18 feet thick, the upper three feet closely resembling the bed 

above it. Just west of this quarry, the Amazonia limestone bed, 

71% feet thick, dips below the Missouri flood-plain. | 

The following is exposed in the western part of the county 

where the bluff road crosses Nodaway River: 

SECTION NEAR MOUTH OF NODAWAY RIVER. 

| 

Number. Stratum. | Thickness. 

Feet. 

1 limestones 2ray, thin-pedidedin cc-ts .:ca00 = se es ols eel ed wie we 3 

2 lacie, (alwis, creel sé oc oobane sudan ooeoddcdGL eC oes | 2 

3 Limestone; thin wavy beds with shale partings (upper 

2 imaVeysyi@iars) Ox? Oinsteyel malcom syers)) 5 ho Sos oeoocouodooOeBoOe 20 

4 Pirates Ole. Or erdyin ASA CCOUS eyereta seo costersis) 2 nie aio cine chee = 2 

5 Shale, black, bituminous, slaty......... Fd Ounce OORT 3 

6 Limestone, gray, compact; in two layers (middle limestone 

OlMmOTEAG IMEDUPED) Nae evans eeeerereeseketeeae! see = ate se tebeTakey atone varairess 2 

Practically the entire section of the Douglas is shown 

in the following log of the well at Savannah, Andrew County, 

though the driller failed to distinguish the middle limestone 
of the Oread: 
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LOG OF DRILLED WELL AT SAVANNAH, MO. 

Number. Stratum. Thickness. Depth. 

Feel. Feet. 

1 cGlavipred. \(Grifby\. 2c a ces eiviouelatencle ndovaletamsaateteean 88 88 

2 | ISphanysye opel y dae Ciena Oooo Som otra oan eo ont 2 90 

3 | Clay, blue (base of Shawnee formation)....... 22 112 

4 | Limestone, gray (‘‘Waverly flagging’ in Oread 

INSNUD SM) |G cat aiiclese beueila te tes tretayee eta hetehe re hetene ae tee 2 114 

5 Clay shaleor “SOapSLONEY sf ac. «late «cla ole ot ele nels 14 128 

6 | Limestone (upper and middle limestones of 

(ONgsfeVeWransyanalrio Ne sg oo sagudu boo ooonoor ean 24 152 

7 “SOAPStONe a oe arvarsyn se tole acts oy inks evailebauatatcleienevenerets 4 156 

8 Glew y AO lave mel etn urotetovetaLelevaiehaneioletateronel enero ncnete 12 168 

9 Limestone (lower limestone of Oread member) . 4 172 

10 Clay, red, shaly (top of Lawrence)............ 25 197 

11 | Himestone (CAimazOnia) scien) clsle cise cia cleaners 13 210 

12)" “| Giay bluelsmcteuate cece aie here ee ete LON 222 
13 [Ee OMDSLODOEK ers: .taloneleie | cheieuonekensietetetete eicheasaeichoanenaae 64 286 

14 lsHImestonernmystarchie aco eve Aon eee ee 3 289 

15 Clay, blue (base of Lawrence)................- 13 302 

1G)= 4] Tuimestone: (atan)\< sa emcmroee tele coronene 8 310 
17 JensXeEn dei rowe\cie TONING geaeoohorcoeind sc. | 60 370 

i} 

Another drilling near Wyeth (NE. % sec. 14, T. 60 N., R. 35 

W.) shows the middle limestone of the Oread at its proper posi- 

tion, three feet thick. 

The easternmost outcrop of the Oread seen in the counties 

under consideration is that south of Union Star, where only 

four feet of the upper Oread are exposed. The section does not 

differ otherwise from that on Missouri River. The lower part 

of the Douglas is concealed by drift along its eastern border. 

Atchison and Nodaway counties—The Douglas formation 

in these counties is concealed by higher formations, but drillings 

at Rockport! and Maryville reveal its presence. 

Worth and Gentry counties.—It is probable that the Douglas 

formation is present in much of the western half of both counties, 

but a great thickness of drift conceals most of the indurated 

rocks. The best outcrops known are those along Island Branch 

in southwestern Gentry County, where Broadhead measured 

the following sections. (The correlations in parentheses are the 

writer’s): 

1Hinds, Henry, The coal deposits of Missouri: Bureau of Geology and 

Mines, vol. 11, 2nd series, p. 58, 1912. 
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SECTION 95. 

Number. Stratum. Thickness. 

13, Ode 

1 Limestone (lower limestone of Oread)................... 4 

2 ShalexevellowanthODp) Ol) lawleMGC)) mise eee clsis feiece = este eres) oielre 6 

3 ILatoanehronaey TOCWIENIS Gao goono ode bouomo Ono cE 6 Coolio DoirS 4 

4 Sale wor COM meee patencte ven stiesepercucneieneusriemencoteiacicn etcette ota cetvetiotio: entscfemenieiean oste 1 6 

5 Sihaleyenredeandeore ent ryerscerchaperouetercnel ceotens. cuchen clic re steveli= beaters cu ans 

SECTION 94. 

Number. Stratum. Thickness. 

Ft. in 

1 Limestone (No. 150), (upper limestone of Oread)........ 17 

| 

The coal reported between Ellenorah and Albany is thought 

to be in the Lawrence shale. 

The Iatan limestone may be present near Gentryville (see 

page 168). ; 

SHAWNEE FORMATION. 

CHARACTERISTICS. 

The Shawnee formation contains much more shale than 

limestone, but beds of limestone occur throughout the forma- 

tion. The shales, when thin and associated with limestone, 

are argillaceous or calcareous. The thicker shales are pre- 

vailingly arenaceous and micaceous. ‘There are several layers 

of black slaty shale and thin coal seams in the formation, two 

of the latter being fairly persistent. The thickness in the southern 

part of the outcrop is 475 feet, but near the Iowa-Missouri 

State line ‘decreases to 350 feet. 

The Shawnee formation transgresses a faunal boundary, 

the Howard limestone, 200 feet below the top, marking, accord- 

ing to Beede and Rogers, ! the extinction of 28 species of Pennsyl- 

vanian invertebrates, a fact which may call for a revision of the 

boundary at some future time. The outcrop is shown on the 

State geologic map. 

1Beede, J: W., and Rogers, A. F., Coal measures faunal studies: Kansas 

Univ. Geol. Survey, vol. 9, pp. 345-346, 1908. 
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MEMBERS. 

Kanwaka shale member.—The basal member of the Shawnee 

is a shale and sandstone bed, 30 to 50 feet thick, containing 

locally two thin streaks of coal. : 

Lecompton limestone member.—The Lecompton is an assem- 

blage of thin alternating limestones and shales varying from 

20 to 30 feet in thickness. Most of the layers weather to a 

deep buff and some of them have a cellular appearance. In 

drillings limestones at this horizon are often reported as ‘‘chalk 

rock.”’ Near the middle of the member is a layer of black 

shale. The chief characteristic of the Lecompton is the number 

of large spines and plates of Echinoidea from which the name 

“‘sea-urchin” limestone arises. 

Tecumseh shale member.—The Tecumseh is commonly a 

shale member but contains some sandstone in places. Along 

Missouri River it is 60 feet thick, but thins to the north as shown 

in drillings and in Todd’s Missouri River section, 1 where this and 

the two preceding members are assigned a thickness of only 

69 feet. 

Deer Creek limestone member.—The Deer Creek consists of 

three limestones with intervening shales. The lower limestone 

is a soft, buff, argillaceous layer about five feet thick; the lower 

shale is seven feet thick; the middle limestone is a gray, fine- 

grained limestone, containing specks of calcite, divided into two 

layers, the lower 16 to 20 inches and the upper 4 inches thick; 

the upper shale is five feet thick, black and slaty in the middle; 

the upper limestone is gray, cherty, thick- or thin-bedded, 

oolitic in the upper part and weathering buff on the bedding 

planes. This upper limestone is 13 to 15 feet thick in Missouri. 

Calhoun shale member.—The lower part of the Calhoun is 

argillaceous and contains one or two thin layers of limestone 

at the bottom. Next above the shaly portion along Missouri 

River is a six-inch layer of blue limestone, a few inches of shale, 

and then another blue limestone one or two feet thick. Above 

the limestone lentils the Calhoun is prevailingly sandy shale or 

sandstone with a streak of coal in places. The thickness of the 

whole is 20 to 25 feet. 

Topeka limestone member.—The Topeka limestone is com- 

posed of 25 feet of blue and buff limestone with interbedded shale, 

‘Todd, J. E., Some variant conclusions in Iowa geology: Iowa Acad. Sei. 

Trans., vol. 13, pp. 183-186, 1906. 
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the whole of which, with the exception of a persistent layer of 

black slaty shale, weathers to a deep buff. The individual beds 

of limestone and shale appear to be rather persistent, though vary- 

ing in thickness in short distances and thereby making correla- 

tions difficult in some cases. The uppermost beds of the Topeka 

do not outcrop on the Missouri River, but appear in Nodaway 

County. 

Severy shale member.—The lower part of the Severy is 

arenaceous and the upper part commonly bituminous, containing 

over a wide area the Nodaway or Quitman coal (Osage or To- 

peka coal of Kansas). The Nodaway coal is from two to thirty 

inches thick and is overlain by black slaty shale. At Forest 

City the Severy is 30 feet thick but decreases to the north. 

More coal mining has been done in it than in any other member 

of the Missouri group in Missouri. 

Howard limestone member.—The cap-rock of the Nodaway 

coal is the Howard limestone. It consists of two limestones 

remarkable for their persistency, as they are each less than two 

feet thick. The lower limestone is blue and the upper is gray. 

The intervening shale is two to eight feet thick and is argil- 

laceous or calcareous. The Howard is often reported as solid 

limestone in drillings. 

Scranton shale member.—At the top of the Shawnee formation 

is a shale member about 200 feet thick, the Scranton shale. 

The lower half is prevailingly clay and sandy shale or sand- 

stone; the upper half contains a number of thin, buff-weathering 

limestones. Near the middle of the Scranton is a coal horizon, 

containing locally the Elmo coal (Silver Lake coal of Kansas). 

The shale near the top of the Scranton is commonly variegated. 

On account of its soft nature the Scranton was eroded deeply 

prior to the deposition of the Kansan drift and good outcrops 

are rare. No complete outcrop has been found in the State. 

Farther south, in Kansas, it appears in the faces of escarp- 

ments capped by the overlying Burlingame limestone (probably 

same as Tarkio limestone of this report). 

REGIONAL VARIATION AND DETAILED SECTIONS. 

For convenience the detailed description of Shawnee 

formation is combined with that of the Wabaunsee formation, 
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WABAUNSEE FORMATION. 

CHARACTERISTICS. 

At the top of the Pennsylvanian series in Missouri there 

are about 100 feet of strata lying at the base of the Wabaunsee 

formation, which in Kansas and Nebraska contains more members 

and is much thicker than in Missouri. The bulk of the formation 

is sandy shale and sandstone, but there are three or more per- 

sistent layers of limestone and one irregular coal seam, the 

Nyman. The outcrop is confined to Atchison and northwest- 

ern Holt counties. 

SUBDIVISIONS. 

Tarkio limestone member—The Tarkio is a thin member con- 

sisting of a basal bed of limestone about four feet thick, above 

which are one or two thin layers of limestone separated by shale. 

The limestones are blue but weather to a deep buff color. The 

shales are red and blue and contain more or less nodular lime- 

stone. The thickness of the whole is 10 to 14 feet. In the south- 

ern part of Atchison County a small escarpment is capped by 

the Tarkio limestone. 

Undifferentiated beds——Above the Tarkio are about 20 feet 

of shale and sandstone overlain by the Nyman coal seam, a 

bed only a few inches thick. The Nyman coal has a cap-rock 

about two feet thick, consisting of one or two layers of lime- 

stone that is nodular at the top. This may be the equivalent of 

the Emporia limestone. The remainder of the formation as 

found in Missouri is about 50 feet thick and composed largely 

of sandy shale and sandstones, but containing one or two thin 

layers of sandy limestone. There is a possibility that one of the 

latter, instead of the Nyman cap-rock, may be the Emporia 

limestone of Kansas geologists. 

REGIONAL VARIATION AND DETAILED SECTIONS. 

Buchanan County.—The lower part of the Shawnee forma- 

tion outcrops in the southern part of the county, south of the 

St. Joseph anticline. The best outcrops occur on Contrary Creek. 

The section at Atchison, Kans. (see page 176) is much better 

than any exposed in Buchanan County and is, therefore, sub- 

stituted. Nos. 2-10 of that section comprise the Lecompton 

limestone and Nos. 11-17 the Kanwaka shale, The section corre- 

sponds closely to that of Broadhead, 
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Holt and Andrew counties—In the greater part of Holt 

and the western half of Andrew County the Shawnee is the 

highest indurated formation. In the northwestern corner of 

the former is the Tarkio member of the Wabaunsee. 

The drift is very deep in these counties, so that outcrops 

are confined to the bluffs of the Missouri and Nodaway rivers 

and their larger tributaries. The Scranton shale seems to have 

been subjected to a large amount of preglacial erosion. From 

the mouth of Kimsey Creek to the vicinity of Corning there are 

no outcrops of the Missouri group along the Missouri River, 

and, consequently, Broadhead was unable to connect the Atchison 

County section with that of Holt County, supposing a gap of 

fifty feet to intervene. It has since been learned that this gap 

amounts to only fifteen feet. This will be more fully discussed 

in the description of Nodaway County. 

The following generalized section near the mouth of Nod- 

away River shows the lower part of the Shawnee formation: 

GENERALIZED SECTION NEAR MOUTH OF NODAWAY RIVER. 

Number. Stratum. | Thickness. 
| | 

|) Ta. BrP 

1 Limestone, gray and buff (upper limestone of Deer Creek 

| BMOUNINE)) 6.6.0 son oc edo RDOUOeOOKCAUO oe ODO MOC oS ODDOGo OOo 15-20 

2 | Shale, blue, argillaceous, and black, bituminous.......... 5 

3 | Limestone, gray, compact; full of calcite streaks; weathers| 

| buff (in two layers—upper 4 inches, lower 1 foot 8 

| inches); (middle limestone of Deer Creek member).... 2 

& | Sheila, Gira Dera uae ares coke Ooo Oe tas CEN cin Cee te Oren ea |. att 
ey | Limestone, buff; two layers with shale partings (lower| 

limestone of Deer Creek member).....-...c52c-+s0-:5 4 

6 Shale, blue; argillaceous and arenaceous; micaceous (top 

OtsWECUMSBED!) scl an. oaeks.chene vay cgsserace Ben soem stay sists ite; oi ageticders. ai wltevavieners 52 

7 | Limestone ‘‘conglomerate”’ corrugated; resembles the Iatan| 

} Eyakel LNane VON at hrs oho OLD PAG-Olo pin 0 Moe aid Os Glen cieb-co ero tho eiord 2 

8 | Shale, blue and buff (base of Tecumseh)................. | 8 10 

9 | Limestone, gray; buff shaly partings; thin- and wavy- 

| INECKCIErel. (HOI) Ow ILCOOMIDIOTD) 6 sh no Scoaceeooodseedono uD 5 6 

1D | Slagle, loileie,, eutemillenee wis. sos sceeoonse ues ssceuogusnocodde 2 
11 PSHalemblackar bib Uni Ui sectevars ales sarees venrcitayici cite vavancusi'ebsietatec ay eh trail 2 

12 SHalemaneil AC COUS me tsesicen Mena coR rede) cketsesheener sachet onsets sy atlases ta e-1| 4 

13 iimestone. wdark.sfulluot dE Usulimare sera ies ey -laie sie ata = I 
14 | Shale, buff; calcareous at top (‘‘chalk’’); argillaceous at} 

[XOnrohe rence ots chat MELO Choe EMERG OEta cs Bee ee ee ae ee ecole 
15 Shale; pits anduwihites calearecousmsm cites esis see ee elene sy celia (a | 4 

16 | Limestone, buff; in three layers with shale partings; con-| 

tains many spines of Echinocrinus (base of Lecomp- 

[LOD epapeeech mache Reta Taree fein ete allure eireiia acer ete sine (orerelsteseiele es 5 6 

17 | Shale, gray or blue; argillaceous or arenaceous; in places, 

Bandstone i(Goproh KMamiwiallka) sci: ie <2 esi s, ee eta sees elie t= (oie 25 

18 Limestone, gray; even-bedded; in two layers............. 2 6 

19 Shale, drab, argillaceous (base of Kanwaka).............. 16—20 

20 Limestone (top of Douglas formation)..............-.+.- | —_—_ — 
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The close resemblance of the lower part of this section to Kneer’s 

Atchison section is clearly apparent. 

The thickness of the section between the upper limestone 

of the Oread member and the upper limestone of the Deer 

Creek member was found to be 172 feet near the town of Nod- 

away. Broadhead gives 180 feet for this interval, but interpolated 

between numbers 5 and 6 of the foregoing section his numbers 

171-181 aggregating 421% feet, 3714 feet of which he found out- 

cropping on Brockman Branch in Holt County. This is probably 

a repetition of the Lecompton section. The beds below his 

number 169 are in places given a thickness rather under the 

normal, which accounts for his total thickness being almost 

correct. 

The Calhoun shale and Topeka limestone are exposed one 

mile west of Fillmore, and are thought to be the highest rocks 

in Andrew County. 

At Forbes the base of the Lecompton limestone is slightly 

above the railroad grade and a short distance above the town it 

dips below the bottoms. About two miles above Forbes (NE. 14 

sec. 23, T. 59 N., R. 38 W.) the Howard limestone appears 

in the bluff, but the section below is poorly exposed. 

The following section was measured in the quarry at Forest 

City: 
SECTION AT FOREST CITY. 

Number Stratum. | Thickness. 

| | Hts in: 

1 Shale, buff; with 3 or 4 nodular layers of limestone (top 

of Topeka): 23.. dsb es See oe ene ee eee eee ee ee ins 
2 Limestone, gray; irregularly bedded; in two layers........ 10 

3 Shale, blue, and black, bituminous...................... 3 

4 Limestone; ‘gray pwavy DASOx . .i.\eakiurs =e a sale oon ale Siecle Peele 1 2 

5 Clay, blue; non-laminated; indurated. ...............:s.-> 1 5 

6 LiMestOne, ECA seo) s ck: sisyeraletee ces he witar were os Pe fe ehateve tei Cerone 9 

7 Shale, blue and blue-black; argillaceous.................. 2 1 

8 Limestone; 2 or 3 lenticular layers with interbedded shale. .| 1 4 

9 Shale; blue,argillaceoOus .:.0.%, = wceicn. «ims alate etaners.waeetenerie ene eee 1 7 

10 Limestone, blue; weathers salmon-colored.................. 1 2 

11 Shale, blue; weathers buff; calcareous nodules.............. 2 6 

12 Limestone, buff (base of Topeka); 16inchesto............. 1 9 

13 | Shale, brown calcareous (top of Calhoun)................. 2 6 

14 LATMESTOMG,.)0. 6 4c abate 'e slahirale tai '6 c/erk Wales age Syenet ats etal eae, cee 4-6 

15” |\Shale, dandy. occ slid oe fatale, ve eate wre 7 
16 SANGKCOMEC woe be wc -Ote.cie see okey tence u's pale ie gs Rare ence 1 6 

Lh SAMGHVONIOS:! - fo Safe foreiens nvata lalate o ala xen le halal er Nn oa ee 3 

18 PS ie OBL ae Soraya ke: claie: 0.005 0 0 Ri eae te, en Se Rane ee 9 

19 Sandstone a. 6) ace oiviei, elete 6 ice oie en ele a NO elaete ake oe Suet ai fe 2 3 

20 Shale; ‘blue; arPulaoeouss 5 << osceic sxe sen inte winia Shp a etel euerel aerial 1 4 

21 Timestone; HAMGYs oraty eucis vistas sofa yan Mules May iC Fee ote 1 2 

22 Shale, brown,........+. Vd etare’ 5) yhin Craw om xian crank het wel 2 

eS 
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SECTION AT FOREST CIT Y—Continued. 

189 

Number. Stratum. Thickness. 

Fl. in. 

23 Sate b lacks DLLLMMOUSi yp aiseeie eievtelsteleieel ovale cieicues tire eis i= 1 

24 WINES TON Or eTA YASH = DIC) werweveoucleecnene tameiier = fon= sees) crea chev sclenaeetes ac 1 

25 Sales SFA VAS DAIS eaaleiar aca sccuets teal oheneie =. treieletegs sieceueuen dais ws 1 

26 MMT eSLONeG werayish Olen teas cee ee bek-esiiste ieten sl «)i=ia eltey ch eirs isive fe a2) 0 6 

27 SRO odoe + 6qb cb c6boine COU EAS Goon woe oto bio ble pcm 3 

28 ibmoa@sironaer fudenalstalolls onos em ococouGaeaccoudc agen OdooG 2 3 

29 COVELCORLO MW ic bCletmiChEG kere eyeeteedal otetenainivael aia ielatar ero) halen ale 10 

The concealed interval is about the normal thickness to 

the top of the Deer Creek limestone as shown in Broadhead’s 

Forest City section (revised and corrected by the writer): 

BROADHEAD’S SECTION NEAR FOREST CITY. 

Broad- 

Stratum. head’s Thickness. 

numbers 

Limestone, brown, shaly; at base is a 4-inch grayish-blue Fl. in. 

layer of carbonate of lime and iron (top of Howard).. 220 1 

SES. oo otodocandbosansosbecdodooso coo DocodcodunOor 219 4 

Limestone, ash-blue; silicious and pyritiferous (base of 

Meme Ob i epeteueteresckeletstisiicroteve: a (ol ty aianele (o..ce¥ate/ aishera) ofetaveuselevetta 218 1 6 

Sandstone (CS DIOH SSVI) teWer peti ed chameiater ovcheie eyerc lake crelesensuers 217 10-16 

Shale, bituminous; absent in places, maximum.......... 216 2 6 

CUS, SETIGIT 6 Goi Gra Boca HeIOICRG OCRCT oD CHORE RRC RERER CIC e CREME ee ete asa — 2 

Kerry MUM Chetnyiet Va) net ovatietie’- cits) ire) alia iaieu=bsliete las olevanscs1s.aveve Son va leer 215 4 

Pe MONE DIILE sy CLAY OY is. ccless-ccis-cyele se wece. acts se sserauc «csve mie ee 214 2 

RAT PLO ESAT) Civic aireuel cttsrraira |x) sh cliscsasvens jai siie ai wvaus se orsis Snebellehe gia ie Sok, ers 214 2 

Shaly slope; shale at bottom.......................... — 25 

Limestone; shaly and nodular (top of Topeka).......... 210 3 

Shale, with brown, concretionary nodules of limestone. . 210 1 6 

imestone, rough, concretionary.......-c.ccecssesencs 210 10 

ES AN MCAT othe aie are) elie vce la: aa ieh-2, sive) op eVahe hat aps wee aiciege-ceele a 210 10 

mimestone, blue, even-bedded.... 2.0.66 56 lee cee ee wees 209 10 

S LENE. UUWEE= © eek oe Gig ate ene ea CRO CEPR MeI orayciciete peecoa! & Dramas 207 2 

PRREEFE STO TIC» NLU G21 5 vaca a oie)ca tae wTaueeve aie) Sirona: anbiis 6 Dik weie a olela Dieaee 206 1 1 

Raipll Oememeeeee en eetrat Velicts wfen-ce veta Te eral sh ayrene.ctereisucrial ete eusienaleyayied'-s! ote 205 10 

Limestone, ash-blue, weathers brown..................- 199 1 6 

tlourelOw, PLAY StLCAEB. «cen «cw ee we ce la ncedee sees — pA ANC) 

Limestone, brown (base of Topeka) .............-.0005 197 1 6 

Shale, yellow; bands of bituminous shale in the lower part 

COTO TAC AlN OUM) corcisNevewewstice:ciancie oe anvee oy are ermitanerehar a apres 196 iG 

BS RPEESE ONT Cerca) lravact ve to'ray-ei.0i casts uetereasiie towevee renanatieca eeSie a steueue, syenaters 193 2 6 

te shONes STA VISN=D1IWS:. oie oie .les (o1/d ose o,/s.= oem wreysvsyalensis ers « 192 a 6 

DLS. o oe geOe COURS DETROES Cr eee On orcas cua 191 5 

Limestone, gray; abounds in many fine univalves........ 190 64 

SLEUD. (RUC oT GRE Ere Rone CENCE CRE NERC CnC NE EE aeersererh ieee 189 3 6 

Limestone, deep-blue, even layer...........+eeeeeeeees = 4 

Shale, blue; at the base of this and resting on No. 186 

is a calcareous stratum (base of Calhoun)............ = 8 

PRES ST OOM (1). COL) (CKEOK) «(oe ci sjcicievave-s cic s-esvevle alae eek eck coun 186 = = 
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Broadhead’s number 217, which he called a sandstone, is a slightly 

arenaceous limestone about 80 per cent of which is composed of 

Ostracod shells. 

The upper limit of the Topeka limestone is well defined at 

Forest City, being the top of Broadhead’s number 210, but there 

is some question as to its lower limit. Tentatively, this is drawn 

at the base of Broadhead’s number 197, including a total thickness 

of about 20 feet. The Topeka limestone may include, however, 

his numbers, 190-1-2. If Broadhead’s number 197 is considered 

the base of the Topeka limestone, the Calhoun shale is about 

26 feet thick. His numbers 211 and 212 are lenticular and are 

not represented at Forest City. 

The following is a section at Iowa Point, Kans. (Broad- 

head): 

BROADHEAD’S SECTION AT IOWA POINT, KANS. 

| Broad- 

Number. Stratum. head’s | Thickness. 

numbers. | 

Ft. in 

1 Shale, brown, calcareous; contains many fossils —= 1 6 

2 Limestone, brown; with Fusulina............. 210 1 

3 Sales PLOW sate raiaia eid < tal ciaiohsinincal tel oteee —_ 3 

& .)| Limestone, concretionany <<. <7. oc eens lene =e 209 10 

5 Shale; sDlUCS} DIGUMUNOUB ane ic scnelciete cle cieleiere ether al 207 2 6 

6 Gimestone; 1We:7) 7 scrapers Aer-nevaiensvenel revelers aotaeamens 206 1 

7 SEI H NI Cprgemos Use TOebeeoacrosecebecginc: | 201—203 4 

8 | EP OSTOME, SLA Viensy =, etescuare tare > sacvay aval tieka eemenemens } 199 1 2 

9 Shale, blue above, brown below...........--- 198 4 

10 Limestone, blue, nodular, shaly............... 197 6 

11 | Shale; brown, calesreous.~ 22. - cei. ee lee > = 196 2 

12 | Limestone, blue, nodular, shaly..............- —_—- 6 

13 | Shale, olive and blue; a few thin coal laminae..| 193-195 8 

14 | Limestone, bluish-gray, nodular...........--. 1 6 

SY | Salo MNO wwe) exec suas c a usdele etetoierere keke haat tee caer | 192 2 

16 Limestone, bluish-gray; weathers brown...».... | 3 6 

17% * | Shalecolive:. rave. ee eee ee ee 191 9 
18. ||) oimiestone, ‘bluish-grays i... «so-so eee * 190 6 
19 | SHAG, -Dlue s,s, dyoisis Sys soars aie device: « aoetor sual syecs weer — 2 

20; ||| Slope, ‘shaly.. 4.c.-.4a,« 5. ee eee ee oo 7 
21 sim OBLONG. [ype ah sie; -e ars Tea, «SS ale duatey ahatneed es ane 186 6 

= — = ——e 

Number 21 is the Deer Creek limestone; Nos. 11-20, the Calhoun 

shale; and Nos. 1-10, the Topeka limestone. 

Atchison and Nodaway counties.—Owing to the heavy cover- 
ing of glacial drift, outcrops are rare in these counties and are 

confined to the bluffs of the larger streams. All outcrops of hard 

rock belong to the Shawnee and Wabaunsee formations. 
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Atchison County has the distinction of having the highest, or 

youngest Pennsylvanian strata in the State. The lowest member 

known to outcrop is the Tecumseh shale. 

The following section taken in the SE.144 SE.14 sec. 4, 

T. 64 N., R. 33 W., is referred to the Tecumseh shale: 

SECTION NORTH OF RAVENWOOD. 

| 
Number. Stratum. | Thickness. 

Ft. in. 

1 Shale, drab; red at top; argillaceous..................... 10+ 

2 COB; CCOPondondcondtececodpAd dno coro onbonoUuaDeonouOS 1—4 

3 Shale; drab; clayey and sandy; with layers of hard cal- 

eareous sandstone; bedding very irregular.............. s+ 

The Deer Creek limestone is exposed along 102 River, 

especially north of Barnard and at intervals along Platte River. 

The following section was taken near Ravenwood in the SW.14 

SW. 4 sec. 6, T. 64 N., R. 33 W.: 

SECTION NEAR RAVENWOOD. 

Number. Stratum. Thickness. 

INE, Pi0s 

1 Limestone, gray; weathers buff; thick to thin beds; wavy- 

bedded and cherty in lower part, more even and non- 

cherty above; weathers to fragments size of hand...... 5 

2 Shale, drab, argillaceous; with streak of black shale near 

DEEOo od dagen oontbocedehocpessoodsor oH anda Do oboono eas 10 

3 Limestone, gray, thin-bedded; somewhat argillaceous; with 

Aa Gag Welw, sadcasaocdocoeooecaoods one cdasus 6 

Across the wagon road to the east, No. 1 of the previous 

section is much better exposed. A detailed measurement is as 

follows: 

UPPER PART OF DEER CREEK LIMESTONE MEMBER NEAR 

RAVENWOOD. 

Number. Stratum. Thickness. 

Ft. 2 3 

a 

n Recht eE we ton rontans 

Limestone, gray; even-bedded; non-cherty.............. 

IMONOHOU 5 opooc HOD oUCoocCOnet Oooo ooncckbpno hon cones 

TPAC 5 sooo he boomo CAD ph OT Or Oc COs Oop Eee Ss eo anode 

MiMESDOME SUC yews cuam et eueel oveia erica cnceteen Ua sustencutcuis: stray tate fate faite: tane 

Iba KONG IIS) INO); Wea tanh oemooumocoooa Fame oo do ooo 

lbnmanesixore, tis BIER. bo oo oc oD COO hone odo bb Oodo oor 

Limestone, gray, wavy-bedded, cherty................... 

MVE SELON ITC UN Oxy cata atahetet= encasisucueneiais ere rersieie) «sveraieresatata oahe OoOmANoaurwWwne 

alles 
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The limestone lentils in the Calhoun shale (numbers 190- 

192) were not seen in Nodaway County, but may be represented 

in the following section taken on Dog Creek, one-half mile above 

STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

its mouth (Broadhead): 

BROADHEAD'S SECTION HALF-MILE ABOVE MOUTH OF DOG CREEK. 

Number.| Stratum. | Thickness. 

Fit. in 

1 =) (0) 9) PEI OOD OOO CIO DO DOIG. Coc tite Herd > OS SS safe —_- — 

2 Loose fossils overlying next below...........e2--eeeeeeees _- 

Bi | Limestone, blue; weathers brown.......--.seseccceerces 1 4 

4 [STO POix es cife, ofeiel ee velcliszo eubsel sve lelseehalnisle:-sleleia/= nicer na 7 

5 Shale, browm (base of Calhoun) \ o> cis eres) -.> seat eee 2 

6 Limestone, irregularly bedded (Deer Creek).............. 7 

} 

The following section was taken by Broadhead on 

Creek, in the NW. 4% NW. %, sec. 26, T. 62 N., R. 33 W.: 

BROADHEAD'S SECTION ON DOG CREEK. 

Broad- 

Number.| Stratum. head's Thickness. 

| | numbers. 

Fl. in 

1 spy el ys in Ao Oe crots SO eC hb Oe Cdr net etoes cD co — —_- — 

2 SUCH GCiniqinigd 0 SDS WON DOOUUSU JOO ane Te one S 4 210 1 
3 limestones aAsh-DiIMe se aie impas ia) ateie ieoleireietelet sie ieienene 209 5 

4 Shale, upper half a dark olive and calcareous, 

. JopgrbbachheQoyb tay eCc}lo Neer) Bug HOU ceo OIG chee a oscn 207 ype le | 

5 Limestone, blue; interior of the fossils is crystal- ° 

MIZEG*CALCI EO so eer eteteie el at ele) eiieliet ss ellacislsietallnlavalteyetaiete — 10 

6 Shale, olive and blue; somewhat sandy........ — 4 

7 Shale and nodular limestone. ........0000.-08 | — 2 

8 Limestone, gray, coarse, sub-oolitic........... 201 7 
9 Shale, nodular, CalcareOusnrsie ce) syelee seers ere 200 6 

10 Limestone, ash-colored, coarse, shaly.........- | 199 6 

ntl HALO; OliVe Whew. clercicieleraleluietotele e]vie, cre reieinre lin tevaanee — / 1 1 

12 Limestone, dull, deep ash-blue; weathers drab. . — | 

13 Shale; dark-blue, calcareous.......... ateharm Serene 196 7 

14 Limestone, bluish-gray, uneven bed; contains 

calcite veins and specks, and zine blende.... — 9 

15 Shale, dark, sandy, micaceous....... at retae pebaiiite — 9 

16 GORY Tc weaa wciista nye acm) pure ate (ey me alla Gals tee — 1% to 

27/5 

17 Sandstone, black; even layers; regularly lami- 

nated; slightly calcareous.........- 66 aye le ier er —_— 5 

18 CIS, /SEUGY Kine nic bio. 0, 0\0 0,020.0 016 svar ater siete iet a onmereiete 193 | 8 

19 Fire clay, blue; 3 feet exposed; said to be 6 or 7 | 

POStMPHIG KE picts sus, ape cw ne wan oe es ee ales wawieaiys — 3 

Number 14 of this section and all above are to be included in 

the Topeka limestone; below that, in the Calhoun shale. 

Dog 

ee. 
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The following section, modified from that of the Broad- 

head, includes a detailed description of the Topeka limestone; 

the section was measured near the present site of Skidmore 

(GaCs Bs Wo GB Iles 1s Sd7/\We))e 

BROADHEAD’S SECTION NEAR SKIDMORE. 

Broad- 

Number. Stratum. head’s Thickness. 

numbers. 

Ft. in. 

1 Limestone, deep-blue; compact; in even 6- to 

LO-inehwlayiensmu-esetekeraeemeicier-ieleniev-iaelehsteney stersea| 212 2 

2 lnimestones deep) aSh=DIWer ce) ave) ele ea) sin ete slab meer | 211 6 

3 Shale, buff, and fossiliferous limestone nodules.. | 210 4 

4 Limestone, blue; abundantly fossiliferous;| 

brachiopods are generally replaced by calcite. 209 10 

5 Shale, blue, calcareous; fossiliferous........... — 1 

6 Saga, Oleic Seas oo os acomsoadouodesgeansad — 1 

7 Shales ayrkapo Ie micwe ccust-aerstane ce aceveneterarersneterorshe (ices — 9 

8 Sihaletbplackerslatiygee ac, cncucene votre ove ews inia rene usuauens — 5 

9 Shale molliv.eryeycnavenucreccetereesiaie erste cevelieaesavepe eucdensy «oa — 3 

10 Limestone, deep-blue; contains many fossils; 

interior of fossils replaced by calcite........ = 10 

11 NS Wales DROW OGNET Yes st ai<h<ceiesers, fs-esna-saistencte eevee — 2 

12 Magi, HER s.c gan ScaoccoooeRoococDOO ec bo DEO — 1 6 

13 Shale ereens MOGULAT mycier a) tere) ae sete ae ere nisseveree = — 2 

14 Shale, yellow; has nodular limestone layers..... — 2 4 

15 Himestones |buti st bOoOlitic.. cise «1s rie se os = — 1 

16 Limestone, dull ash-blue, has shaly partings.... 199 3 

17 Sale wd arkxOlivieresmetspemcnetensiereisiat«ieveteleneiehenesetensrees = 9 

18 [Lisson GENES N, oa gccoomcouacogonononuE 197 1 

All the above are included in the Topeka limestone. 

Broadhead’s numbers 211 and 212 are irregular and not 

represented at Forest City, but occur in Nodaway County. 

The following section (NW. 44 NE. 4 sec. 35, T. 64 N., R. 37 

W. on Florida Creek) shows these beds: 

SECTION ON FLORIDA CREEK, SOUTHWEST OF MARYVILLE. 

Number. Stratum. Thickness. 

Ft. in 

1 Eimestone Mower DEG iOf LO WANG) reierec--eia.ccis/le1s) = el els =e eas see 1 3 

2 Woveredal(LODLOTS Cy eLryaerersaeveretaine Cretan hcnaccrhers casweie isi tieksnensser 5 

3 Alternating layers of micaceous sandstone and micaceous 

FACE CL yan Ect Or aerate ata at arated setialesin lopatn te atin, tauren ates er cage, le 22 

4 Limestone, gray, compact; layers extremely regular, and 

shale, blue, argillaceous (Nos. 211-12), (top of To- . 

DEA) RACH OO Siemetemscetetene iste tol peteternoletsnetevss, ctste!euciel sre orev. che 4 2 

G—13 
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SECTION ON FLORIDA CREEK, SOUTHWEST OF MARY VILLE—Cont’d 

Number. Stratum. Thickness. 

Ft. tn. 

Limestone, two layers. ...c2...s00cees0% 7 

ESTILO 75.0 save Jchian’s rates co eve patetetetatenens tenes Ss RRS a 

TAM ESTOMC!. ome sor <yreiis > ete saeiei tcl ened oye ieheten anata 4 

ANC ao. ao oie 5 (aia Seu vraka me nesta nO neo erete te bea re 1 

UB bark-Sirol sl VelomeagS rit. ote Ns SUS oe ao 3 

PSR CICMOPOIOIGLG CLA DIhGOI Das os aoane aan 1 

TALIM SBLONC S522, '0 5 /steps ies: Vacs Poche nee nenene Ee Mind ate 2% 

BBO 0556 isis ference covets nes Scene Voneac ne ek Ronee 2% 

TiMOEShONES s/o) co eyo, oiler caso ay nliod aetna ete ee 5% 

Shale oa a aS. ces ata wile «mo cree oe 4 

LIMOStONe). (<ilw of eis cveyeveusi a. © ole ateetemeretarataien 23 

SHO 5 cafes, sa So aeses segues ware ua te create ae ee 4 

Limestone in three layers below water in 

(dss) comeicieiein CIO Ono SOc ora ae Stee: 1 

The Howard limestone forms the cap rock of the Nodaway 

or Quitman coal. This coal has been found outcropping along 

the Nodaway River from Graham to a point north of Quitman. 

Here it dips below drainage, but has been reached by shafting 

in several places as far north as Burlington Junction. Near 

the Iowa line it again appears above the river. It has been 

found on White Cloud, Florida and Sand creeks, south of Arkoe, 

and west of Hopkins on the west side of 102 River. In the im- 

mediate vicinity of Maryville it seems to have been removed by 

preglacial erosion, as the deep drilling at that place failed to find 

it. 

The following section is modified from that taken at Quit- 

man by Broadhead: 

SECTION AT QUITMAN. 

Number. Stratum. Thickness. 

Ft. in 

1 Slope. of bluif Clays, ye = avore 01 nec le wl einys yn onlin nuh alae ayant ae —_—_ — 

2 Limestone, blue, spathic (upper limestone of Howard 

per(:)salls]-) ) Renee ci iriure a 18) 

3 Shale, Sandy sis is eee acc miei mle fm avacelm ome oda eats tee 2 6 

4 Limestone, ash-blue (lower limestone of Howard member) 2 

5 Shale, olive and drab; lower half fossiliferous (top of 

BOVEY) 5.5 alee soso woes wa a Ion Rawal wal as Oe ee 2 2 

6 Coal . (NOG Wey) <i. rcis)cEieis aie wie nieasateta esis lalbtd ois ig eaeicnS ee nene 1 2 

7 Clay, gray and ochery, sandy; with remains of plants...... 2 6 

8 | PY oy: Cv = h als A TRACE Gruen ueinicin -p loach creeeur Stat weneb yes 8 5 

9 Sandstone, brownish-drab; irregularly bedded....... pesos 4 

10 SHAE; BAMA. ses sa: ale ele ale sc | Mcrae ee lah nop See ONEEE We <1 eo (>: uni aia 7 

11 Shale, "blue; argillaceous’ (WG: AUB) as a aucates wee wn oot 1 

12 Slope nsHal ¥ 25, «-atstvelateres cre eye arevasisvereheber ath aia shares sires se teeta 3 

13 Shale, Gari, DUC rg ce stasis © Glass a cy ais ois elie, nie et en ae 2 

14 Limestones, blue, compact (top of Topeka).............. 2 

———— 
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Above the Howard limestone is a terrane which has prob- 

ably been the subject of more discussion than any other part of 

the Missouri group, including as it does the Nebraska City 

section. As shown in the next section, the lower part of the 

Scranton shale, which is next above the Howard limestone, 

consists of about one hundred feet of poorly consolidated shale 

which preglacial erosion has largely removed from the region 

along Missouri River. 

BROADHEAD’S GENERALIZED SECTION ABOVE THE HOWARD 

LIMESTONE MEMBER. 

Broad- 

Stratum. head's Thickness. 

numbers. 

Fl. in 

Limestone, shelly, porous, ferruginous.................. 224 4 

Shale; septaria occur near upper part................<. 223 36 

SERBS. C4 & O50 GOO DED COTES toc Onn DICRCREREDCHE: CICRC REE GAEDE Lara 222 1 6 

DEN cal CE A esti eee ederie [Stise ats) cliefiay ci abies wish cv exareuttanay ec cre elouaes 221 48 

In his Nodaway County report he says there are 100 feet 

of shale between number 224 and the Nodaway coal. Number 

224, “closely resembling the buff limestone over the coal at 

Rulo and the mouth of the Big Nemaha in Nebraska”’ caps what 

Broadhead thought to be the highest rocks in Nodaway County. 

Between this and the base of his Atchison County section he 

estimated a thickness of 40 or 50 feet to intervene. 

The section at Elmo, Nodaway County, near the center of 

sec. 28, T. 66 N., R. 37 W., measured as follows: 

SECTION NEAR ELMO. 

Number. Stratum. Thickness. 

Feet. 

1 Na Swern ayes DIN GLY. eile ese stirs wee cia; on sie 0), auge]ietaa, sean balm ieee is ene orc 2 

2 Limestone, gray; shaly at top; loose nodules at bottom..... 1 

3 Share erayaseree tere aicns ci sucteweus ol otatene erations tel snciccciar tar sutasys o sacuas 1 

4 (Chor Nl tong voesubaroyolsy, (Ubon) 5 ols peaiceo ceo one bean OD te Oe eros 1 

5 Shale, with thin layer of clay at top... 2.5... ...-yecceces 13 

6 Limestone, salmon-colored; argillaceous, nodular at bottom 2 

Number 1 is the lower part of No. 27 of the Atchison County 

section; No. 2 is No. 28 of the Atchison County section; and 

No. 6 is number 224 of the Missouri River section. 
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The Elmo coal also outcrops northwest of Burlington 

Junction (City Bluffs of Broadhead) with its characteristic 

irregular cap rock. It is probably the equivalent of the Silver 

Lake coal of Kansas which is about 120 feet above the Osage 

or Topeka coal. In Kansas it has an irregular cap rock as in 

Missouri. For the present it will be called the Elmo coal. 

SECTION NEAR MILTON. 

| 
Number. Stratum. Thickness. 

Ft. in. 

1 Limestone fragments; not im place........2..........s.6. —_—- — 

2 SHENG SS Foo dopor obo Gdoo OS OCC dos oor AaSgo soto sss 20 

3 Limestone, gray, very shaly (No. 28 of Atchison County 

PHO iG Anis OOCO SHDN eH OD One Sea Oe oA ay Aone Seba 1 

4 Covered, yellow, ochery, sand at top..........e.ss.s-s0. 2 

5 THIMESTONE | PIO Wer a ge sal oll al eal eae so eal a es 6 

6 Shale, yellow, ocherous, sandy (horizon of Elmo coal)..... —_-_ — 

Along Missouri River the lowest member of Broadhead’s 

Atchison County section is exposed near where the line between 

secs. 34 and 35, T. 63 N., R. 40 W., crosses the bluffs. At that 

place shaly limestone, No. 28, outcrops, underlain by a foot of 

light shale and that in turn by black shale and coal, according to 
Mr. Fisher on whose farm this outcrop is located. 

Concerning the stratigraphy along Missouri River above 

this point there is little to be added to Broadhead’s Atchison 

County section, given in the generalized section of the Missouri 

group and here repeated for convenience in Broadhead’s wording, 

the correlations in parentheses being the writer’s. 

ATCHISON COUNTY SECTION. 

No. 1.—250 feet bluff. 

2.—Drift; thickness unknown, beneath the bluff. 

3.—5 feet red shales. 

4.—Sandstone and shales; sandstone at top, upper three feet irregularly- 

bedded and micaceous, green; below, 8 or 10 feet soft brown; then 

35 feet shales and sandstone at bottom. 

5.—10 inches drab limestone; weathers brown. 

6.—3 feet 2 inches shaly limestone, containing fossils. 

7.—1 foot 4 inches blue, concretionary limestone, traversed by cale-spar 

veins. : 
8.—2 inches sandy shale or dark brown clay. 

9.—2 inches impure coal and shale, two to three inches. 

10.—Ochery, sandy shale. 

11.— 22 feet sandy shale. 

12.—1 foot 6 inches dark blue, shaly limestone (top of Tarkio). 

13.—1 foot 6 inches red and green shale; with nodules of limestone. 
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14:—4 feet limestone, upper part nodular; weathers brown; abounds in 

Fusulina. 

15.—28 feet blue and drab, argillaceous shale (top of Scranton). 

16.—2 feet limestone, bluish-drab. 

17.—10 inches blue, fossiliferous shale. 

18.—2 feet 6 inches hard sandstone. 

19.—3 feet soft sandstone. 

20.—10 inches calcareous sandstone; springs abound at the base. 

21.—6 feet blue, argillaceous shale, 6 feet to 13 feet. 

22.—-1 foot tolerably fine-grained, blue limestone, perpendicularly jointed; 

weathers brown. 

23.—1 foot 3 inches shale. 

24.—10 inches buff, ochery, decomposing limestone; jointed perpendicularly. 

25.—2 feet buff and olive shale. 

26.—2 feet red shale. 

27.—30 feet clay and sandy shale, and concretionary layers of sandy iron- 

stone. 

28.—Shelly limestone. 

Near Corning (center sec. 18, T. 63 N., R. 40 W.) a well is 

said to have penetrated coal at a depth of 80 feet and another 

bed (probably the Nodaway) at 180 feet. From nearby outcrops 

it is estimated that the Scranton shale is here about 195 feet thick. 

The following section was taken in the NE. 4 sec. 22, T. 64 

N., R. 41 W. on the farm of Mr. John Whitham: 

SECTION SOUTHEAST OF LANGDON. 

| 
Broad- 

Number. Stratum. head’s Thickness. 

| numbers 

} } 

| | Ft. in. 
1 AASHTO s Gee $e Bab we eee le a Ree 5 i 
2 al Syn lave ker watonstnus sparse ec can edonevskauedliaiaon eVatiel age stan 6 | = 9 

3 THM SSLO NS ageu: Nay shay teary me, Mert leis seston ats 7 17-19 
4 SSIES) Ging oh Rien OLLEkG bud DE AES ose onchcne riche reacts | 8 6 

5 Coals GNiyman)),tyc.c se. tle sehen Wasi e cieqeenie ere euotene ees 3) 8 

6 MOT Aare nae akal aiias cgers) =) nilsyails spe aco Ses) os carey ages sraay ec eo ee | — 2 

7 (QUO GIETe lig Aoeerro mncye: OE Ghee epee CrCn cin oF PENG Phcacte eee | 11 18 

8 Mimestone dark: DLCs eye sie sss min crete | 12 1 6 

9 Clay, red, non-laminated.......... | crane 13 1 6 

10 Limestone, brown, massive........ 14 3 6 

al Shale; blue: (topiof Scranton)... 2... 225... 6...- «| | 4 8 

12 Slope covered with shale at bottom........... 15 22 

The shale bed at the base of this section (Broadhead’s 

number 15) decreases to 12 feet near the State line, but that 

between the Tarkio limestone and the Nyman coal increases 

about 10 feet in the same distance. 

The Tarkio limestone dips under the bottoms near the 

south line of sec. 20, T. 65 N., R. 41 W. The following section 

outcrops at this place: 
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SECTION WEST OF ROCKPORT ON BLUFF OF MISSOURI RIVER. 

Broad- 

Number.) Stratum. head's 

| numbers. 

1 Calceareous sandstones 2... cs occ si mele a's =e — 

2 Sandstone, shaly sandstone, and very micaceous 

shale; in places black with biotite.......... Ad 

3 Limestone, impure, fossiliferous.............. Do Gsnt 

4 Shale, carbonaceous in places (Nyman coal - 

aXe doh i) trier oreo ruercmiGricin Ce chp fc 8, 9 

5 Shale; sandy, micaceouss. 2. cy./-lo. -raperuseree eile 11 

6 Limestone, very concretionary and 

DID UL Os careteteteyehetshcenen chet icrenateiere relens ; —_— 

7 Shale with calcareous concretions... re 2 13 

8 Limestone, brown, with Fusulina... 14 

Thickness. 

Above the cap rock of the Nyman coal there appears to be 

little regularity in the section, which consists chiefly of sand- 

stone and shale. There are, however, one or two thin layers 

of calcareous sandstone or sandy limestone that seem to be fairly 

persistent 15 to 30 feet above the Nyman cap rock. One of these 

lies at the top of the section west of Rockport and one or both 

of them appear in the sections measured by Broadhead at Hall’s 

Bridge, a few miles south of the State line, and at the State line. 

BROADHEAD’S SECTION AT HALL’S BRIDGE (MODIFIED). 

Number. Stratum. Thickness. 

Feet. 

1 Limestone, hard, sandy and ferruginous; fracture shows 

a dull lead-blue color; weathers brownish.............. 1 

2 Sandstone, greenish-drab, fine-grained; slightly micaceous; 

irregularly, DEOGGEG «<5: wrzesase ars iayo eyolodess fo nyse be fous eee ene 3 

3 Limestone, brown and greenish, very coarse-grained and 

tough; sandy and micaceous. «<<. cnn smn oles ele eee 1p 

4 Sandstone, brown.and buff; soft... 2.35 Jen cts w eclule Ge ates ee 4 

5 Shale; upper half sandy; lower half argillaceous........... 16 

6 Shale; with nodules of brown and ferruginous limestone 

(Nyman. cap-roelr) sie6. 0 Falecetensrate cece lens vere tGhenetele panei mannan 2 

BROADHEAD'S SECTION NEAR THE STATE LINE (MODIFIED) 

Number. 

1 

2 

Shale; blue-banded; ochery, argillaceous, clay 

Broad- 

Stratum. head's 

numbers, 

shale thinly laminated’. us... okek as spate es 

Limestone, dark gray; weathers brown........ 

Thickness. 

a 
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BROADHEAD’S SECTION NEAR THE STATE LINE (MODIFIED) — 

Continued. 

Broad- 

Number. Stratum. head’s Thickness. 

numbers. 

Fl. in 

3 Limestone; rather shaly; fossiliferous.......... 7 2 

4 ClayzaG ATID nO Wires cy eva ee eee ates eae era atoneee ees 8 2 

5 Ochre, dark, and coal, interbedded............ 9 3 

6 Bale woOCheny San Gyre eat ceci cio laciekeie mucus e Ciel ejeuctere=e — 2 

7 Shale, variegated, ochery, and blue, sandy..... —_— 17 

Two miles northwest of Hamburg, Iowa, and about the same 

distance north of the State line, at McKissicks Grove, is the 

type section of the McKissicks Grove shale of Smith.! His 

section, slightly modified, is as follows: 

SECTION AT McKISSICKS GROVE, IOWA. 

Broad- 

Number. Stratum. head's Thickness. 

numbers 

ina: 

1 HL LOMmOL al ysememem Nemes taa tice etracusierscoissfetstenstevscclsucere ue — 7 

2 MIMeSLOMeG; wie ALCL s ra aielelal> isles «jel s)e- 26 m= © oe = = 1 

3 Limestone, very dark; containing nodules about 

iy Uaeln she, Chives Oona cOOKe 6 beOnO osc = 1 

4 Shale, blue, sandy and micaceous; with several 

thin bands of sandstone. .................- = 7 

5 Sandstone, blue, weathering to yellow; mica- 

GUIs cngoobtorwenrr ooo uooomonmarnas epee = 3 

6 SUMGI Ke) cents tetehal hrs Gece oig Dee DIC O hid NOEL CEO Choe CROICLE = 15 

7 bimMestone, Lrays COMMPAC br a. ces eve lalelels evs. a ene 7 i 

8 IbiboaVsshivonalssihemoithdsn py Sac pobD. op cee © 0 con oie 9 1 

9 WOAURON YVAN) hse. es erehe- ci sca) edews, sce cersccke) oh snatevenelele epete — 9 

10 Shale sandy, and, Sanadstone ss. . <<. sees ewe 20 

11 ELC S LOINC me at Arta eecden st Selo teiuj ey -tatetiier etal sahetaks t= teks | 6 

12 Siiale pac ar kmenate tel -eetepuas babe Ciebe stat ripen Menon alvehaians 10-13 3 6 

13 TASS TOME epei on eRe keene eer er sew tone coors afis Maye etree Mess | 6 

14 Shale, blue, weathering to yellow............. 8 

15 Limestone; in two or three heavy ledges 

CLOW GEO. Wilh He HUSUNI Aaya 5) ousrelale seats. e: alie’ s)e este | 14 4 

16 SNAG pen Pe regeren ok Pare forehead rie te emi oe ales eines 6 15 12 

17 MimMestOMe dark Crave | fe acs 0 actayeiele-she siete es es 16 1 

No. 15 of this section is the main ledge of the Tarkio lime- 

stone, and the shale and limestone below are referred to the 

Scranton shale as interpreted in this report. 

Smith, G. L., The Carboniferous section of southwestern Iowa: 

Survey, vol. 19, pp. 605-658, 1909, 

Iowa Geol, 
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At Nebraska City, Nebr., are outcrops whose age was 

formerly considered doubtful, but has in later years been shown 

conclusively to be Pennsylvanian. Smith! gives the following 

section at the shale pit: 

SECTION AT SHALE PIT AT NEBRASKA CITY, NEBR. 

Number. Stratum. : Thickness. 

Ft. in. 

1 Thin-bedded limestone, impure with shaly partings; some 

CrINOIATHEOIB sd siete vere «(ele (ols 1nvai/aloveper eueielohetaleteienetene totais enema ana lr 4 

2 Yellow, ‘very arenaceous shale... jte<) ae eee eee 4 

3 aU tN aon Semon OO OCA OAC SA SACD OOndok Sos so < 5 

4 Heavy layer limestone iio sscielevetereneies8 10 es «etc. oo eee ene eee 2 

5 Thin seam, very carbonaceous matter, with plant im- 

PT OSBIONS 's 'syesre ls ve aievaenvaete tare, a aata"ai a Caveucclate evave%s, 6 Say spahaneee hence 3 

6 Blue, laminated and non-laminated shale, micaceous and 

arenaceous in places. In part of the exposure divided 

by a thin band of more indurated shale, yellowish in 

color. Ten feet above the base of the shale is a thin 

band of JimestOne six <isjeve cia. ciern ce setnkoelielayeiele chole, lets tient ee 40 

7 Abert =[-\rloh c\\erire ceO MRC en Goto Conte Secon dGoa besos S07 2 

8 iS) 0¢:) (Pete, LOR CREM IC ELINOR DO-Gr DCm Ot aaas AMIGA Gus. 6 

9 Crinoidal Timestome wey siz: 2 stern ca:evere seticectienete eoeveovetel aineketemene nt neta 1 

10 SSH GC 25, sec iove ie 1a: ceca os ose oe neo ie RIF eh cee weil etete care ec pte 1 

11 TaAmestone im GwW.0) Layers soy c.cy. 0/55 aes isa ole) oberalisge cholo pene 1 

12 Shale, exposed in bed of small intermittent creek.......... — 

66 3 

Smith correlates No. 5 of the above with the Nyman coal. 

The writer visited this exposure in company with Dr. Smith 

and is inclined to believe this correlation correct. In this case, 

Nos. 7 to 12 are the upper layers of the Tarkio limestone, and the 

main ledge is probably just below water level. 

The following partial log of a dnilling at Nebraska City 

confirms the above correlation: 

LOG OF DRILLING AT NEBRASKA CITY, NEBR. 

Stratum. Thickness., Depth. 

Feet. 

fate) ER CRO TOMER Mur RTC EORTC ett erie re coe 4 

TA MO' CV ALIA), dire ke <2: anaw etore eves, Cece dhe are lale aya ettera ier eee 4 

Shale (top) or: Scranton). ~/e- f, viate,< wa cca ntatets ecetareeel teen 25 

MGUWVIG)s 5c stam ois fo pte ate at tie 5! ofa veh saya? arctan sie jest oe ge era er ate 2 

BRAC; TOU. creo weile ok See tinh eye bl atte e eae 3 Suse eet a tie ere etd ee 5 

BHAIG; DIU cB ion d erevace tere ayace alaie: elkioca whe jaiats a eteco ete Peete 15 

SUE TD lc Ors ear RO SMS laries Cock eS UN Mk Moh ee Soa 5 

Shale; DUG. sala eee erates we tere eth Maisie el ae nisl et Sines teat ce 22 

10p. cit. 
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LOG OF DRILLING AT NEBRASKA CITY, NEBR.—Continued. 

Stratum. Thickness. Depth. 

Feet. Feet. 

EAmMestonen CE lmOlCapsrOCkK?)) <i). se unis eile cere ries wis sysisie 5 87 

Sibalowmb lo merrcteter sets) craven etevas tie cerievelcosconedate face svecust sted) a: cceucuentecs 32 119 

SIPEG) TRE) 5 cee Graig oh Ob Ce O-C-5 Deore e Oreiec en ene o. Aten erent 6 125 

Sand stomomnanweclcererstectontcicncrersusie eleva icKers cu ennte sista: Sica eh ars 2 127 

Hhaleblue(baserof Seranton)i-. seen. sc see ones cs eee s 73 200 

Thien), (GS Wonyeewe ol) prety Sako Rercc cemtts can cin teienc Gece) SlGRC ROU IOLA we eG Ae 9 209 

Shale, black (horizon of Nodaway coal)................ 6 215 

Another drilling, one mile below the shale pit shows: 

CONDENSED LOG OF CROXTON BORING NEAR NEBRASKA CITY, 

NEBR. 

Stratum. Thickness.| Depth. 

Feet. Feet. 

PANU TIpcalCUIY emer Me pecne tea stevetenetocecsx er ettsiial eiisifensMol coc ltey ci eeticasrenorcion sit tesisnis seb 17 17 

Shale, sandstone and six thin layers of limestone (base of 

SSCLANLOM) tarep eer ahevias or -teeiesistalenelavele louctelchieeusne attocve te eusienere ace 176 193 

iLiieaucysinouakery lel huis) (Os lonchae) keen gcc Gi GDC tae Ghee eis ee ee oiaee 5 198 

CO AIMEN OC AWAY) roisdenehelstcn-ieieterelcvererele (eve nsec sve) a) seal cusin) <reterene 14% 199% 



CHAPTER V. 

STRUCTURE. 

REPRESENTATION OF STRUCTURE. 

Delineation—Regional structure may be shown in three 

ways, by cross-sections, by models, and by structure contours. 

Cross-sections on a small scale, such as those in Chapter I, serve 

a useful purpose in showing graphically the general strike and 

dip of the rocks, but in a region where the rocks are so nearly 

horizontal as in Missouri, both cross-sections and models are 

inadequate. In this region structure contours delineate the 

structure in greater detail. 

Structure contours.—A structure map is constructed by 

plotting the altitude of a given datum plane (some easily recog- 

nized stratum, such as a coal bed) at all points where it can be 

determined. Points are then united by lines known as structure 

contours, along each of which the datum plane is supposed to 

have the same altitude. Between any two structure contours the 

stratum selected as the datum plane has an altitude intermediate 

between those of the structure contours on each side. The 

structure contours generally have no connection with contour 

lines showing the surface topography, and the folds usually are 

not clearly related to surface features. When the structure 

contours have been placed on the map they show the regional 

dip and strike, the direction and magnitude of the folds, and 

the altitude of the datum plane. Where the surface altitude 

is known, the depth of the datum plane may be readily computed. 

Data for structure contours—The method described in the 

previous paragraph was used in constructing the structure map of 

the Missouri Pennsylvanian (Plate XXIII), the Bevier coal being 

selected as the datum plane on account of its great persistency. 

Although structure contours have been drawn on this horizon 

over most of the Pennsylvanian area of the State, the writer 

does not mean to imply the existence of the Bevier coal under the 

entire area. East of Range 25 and north of Missouri River, 

there are many outcrops of the Bevier bed; also many mine shafts 

and drill holes that furnish data on its altitude. In this district, 

therefore, the altitudes have been taken directly from the Bevier 

(202) 
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coal. In the district south of Missouri River, the Bevier coal 

cannot be certainly identified, and an arbitrary horizon 100 

feet below the upper limestone of the Fort Scott member has 

been used as a datum plane. In the remainder of the Pennsyl- 

vanian area elevations were first plotted on the base of the 

Hertha limestone and were lowered 300 feet, that being about 

the average vertical distance between the Hertha limestone 

and the Bevier coal horizon. 

Accuracy of structure contours.—The preliminary nature of 

the map has been noted. The reasons for this are many. Only 

a small proportion of the coal-bearing portion of the State is 

covered by accurate topographic maps, so that the majority 

of the altitudes, whether on outcrops, shafts, or drill holes, had 

to be obtained by barometer or, in a few cases, by guess. In the 

northwestern counties only a few drill records reach the Hertha 

limestone and even a smaller number have passed through the 

Bevier coal or its horizon. In this area, the structure has been 

largely inferred from that of the outcropping rocks. This 

method is not altogether reliable, because of the irregular manner 

in which the thickness of the unexposed members varies and 

because of one or more unconformities. One of these, in the 

Pleasanton formation, was accompanied by some warping, so 

that the rocks of the Des Moines group exhibit more folding and 

faulting than those of the Missouri group. In areas where the 

Des Moines group outcrops this structure may be visible, but 

where the Missouri group is at the surface it is usually much 

less marked. 

Many places have not been visited; in many others, deposits 

of glacial drift or channel sandstone effectually obscure the under- 

lying rocks. In these places very few data could be obtained and 

the structure contours are based on information obtained in 

neighboring areas. The contours are necessarily much general- 

ized, because of the small scale of the map, and many small 

folds could not be shown. 

Interpretation of the structure map.—The curve of the con- 

tour lines shows the regional strike and dip, the location, length, 

and direction of the folds, and the degree of folding (vertical 

displacement as compared with the axes of bounding folds). 

In a region where the dip is to the northwest, re-entrant angles 

of the structure contours to the northwest and southeast indicate 

anticlines and synclines respectively. Closed contours show 

the location of discontinuous or unevenly developed folds. The 
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vertical displacement may be computed by comparing the 

altitudes along a line at right angles to the direction of the folds. 

As an illustration, the Bevier coal at Milan lies at an altitude 

of 623 feet; in southeastern Putnam County, at 807 feet; and 

on Chariton River, where it crosses the State line, at 710 feet. 

The dip on the south limb of the anticline is, therefore, 184 

feet in 27 miles; and on the north limb, 97 feet in 10 miles. 

STRUCTURE OF THE PENNSYLVANIAN SERIES IN 

MISSOURI. 

DIP AND STRIKE. 

In general the dip of the Pennsylvanian is approximately 

N. 57° W. and the strike N. 23° E. Locally the dip varies con- 

siderably, owing to slight folding; and in northern Missouri, 

north of a line that corresponds roughly with the Omaha branch 

of the Wabash Railroad, the general dip is to the southwest. 

This is also true in Iowa, where the line of strike turns to the 

northwest. 

The rocks commonly lie so flat that no dip can be detected 

excepting when large areas are considered; that is, to the eye, 

they are usually quite horizontal. From Kansas City north 

to Hopkins, more than 100 miles, the Hertha limestone dips 

280 feet, or about 2.7 feet per mile. From Macon City to At- 

chison, Kans., the Lexington coal horizon dips 704 feet in about 

140 miles or about 5 feet per mile. From Utica, Livingston 

County, west to St. Joseph, the Hertha dips 7.7 feet per mile. 

From Princeton to Rockport, along the north boundary of the 

State, the westerly dip of the Hertha limestone is about 7.5 

feet per mile. The dip of the surface rocks in northwestern 

Missouri appears to be somewhat greater than indicated by the 

figures given, owing to the thinning of the shale members of 

the Missouri group to the north. 

South of Missouri River the general dip is northwestward. 

From Clinton to Kansas City the dip is 420 feet or 6.4 feet per 

mile. From Minden, Barton County, to Kansas City the 

northerly component of the dip is 550 feet or about 5 feet per 

mile. 
FOLDING. 

It has already been mentioned that the general dip can be 

determined only when very large areas are considered, and that 

locally the dip may vary considerably. The local structure seems 
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to fall into three classes which, however, are not separated by 

hard and fast lines. 

The first class of structure comprises the low undulations 

common in the western interior coal field and best shown in 

coal mines with extensive workings or along creek beds. 

The second class is the most striking and includes the small 

areas, usually two or three to a county, in which the rocks dip 

rather steeply and are faulted in a few places. 

The last, and perhaps most important class from an econom- 

ic standpoint, includes the folds whose axes trend northwest 

and southeast. This class of folding, like the regional dip, 

however, is so gentle that it can be detected only where geologic 

work covers a comparatively large area. Folds such that the 

strata are arched (convex upward) are called anticlines and 

those that are trough-shaped (concave upward) are known as 

synclines. They are shown on Plate XXIII, which is a prelim- 

inary structure map and is subject to revision by future work. 

Minor undulations —Extensive mine workings or good creek- 

bed outcrops usually exhibit slight changes in the level of the coal 

bed or outcropping rocks. In mines, these undulations have no 

definite direction, and it is therefore probable that folding 

has played a minor role in producing them. The variation in 

altitude usually amounts to only 30 feet or less in even the 

larger mines. These minor structural features are probably due 

to slight irregularities of the surface on which the bed was deposit- 

ed or to unequal settling of. the strata after deposition. 

Small areas of marked folding and faulting—No attempt 

has been made to show these on the structure map because of 

their small size, the disturbed areas usually covering only a 

few acres. In such places, dips of 15 or 20 degrees are common; 

and near Woodland Mills, Linn County, the rocks are nearly 

vertical. Ina few instances, faulting seems to have taken place. 

The structural features vary from small symmetrical folds to 

irregular dips whose inter-relations can be determined only with 

difficulty. A fault in one of the coal mines at Leavenworth, 

Kans., is accompanied by a fault breccia in which there are frag- 

ments of the coal, limestone, and shale beds affected by the fault. 

These disturbances may be explained in two ways. Some 

may be due to solution of the underlying Mississippian, causing 

a collapse of the Pennsylvanian strata; others are probably 

due to the intersection of larger folds, where exceptional strains 

have resulted in steep dips or faults. 



206 STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

Larger folds.—The approximate location of the axes of the 

larger folds is shown on the structure map (Plate XXIII). The 

folds are so gentle, however, that they cannot be said to have 

definite axes and the lines mapped are, consequently, some- 

what generalized. The anticlinal axes are indicated by dashed 

lines and the synclines by dotted lines. 

The larger anticlines named from points through which 

they pass, are from south to north: the Schell City-Rich Hill; 

the Ladue-Freeman; the Centerview-Kansas City; the Richmond 

St. Joseph; the Salisbury-Quitman; the Trenton; the College 

Mound-Bucklin; and the Kirksville-Mendota; as shown on 

Plate XXIII. 

The dips associated with the larger folds are extremely low 

as arule. It is possible, however, that even this slight degree 

of folding may influence the accumulation of oil and gas, but 

many other factors must be considered. There must be a source 

of the oil and gas, there must be a sufficient quantity of water 

to force them into the anticlines, a porous stratum for their pas- 

sage, and impervious beds to confine them to the porous stratum. 

The absence of any one of these conditions would probably 

render an anticline valueless as an oil and gas bearer. 

JOINTING. 

All of the limestone and some of the sandstone beds of the 

region are more or less prominently intersected by vertical 

joint planes. Most of these may be separated into two principal 

and two minor sets, but others strike in random directions. 

Of the principal set, those striking about N. 62° E. are the most 

common, but those whose direction is about N. 3° W. are scarcely 

less abundant. Many of the thinner limestones have been cut 

into rhomboidally-shaped blocks by these joints. The two 

minor sets strike approximately N. 45° E. and N. 45° W., but 

vary within a wider range than those of the principal sets. 

The thicker limestones usually exhibit only the minor jointing. 

ALTITUDE OF THE BASE OF THE PENNSYL- 
VANIAN SERIES. 

The configuration of northern and western Missouri prior 

to the deposition of the Pennsylvanian is discussed under “‘Geo- 

logic History.”” Warping has somewhat changed the aspect 

of the floor rocks on which the Cherokee shale rests. The 
pre-Pennsylvanian valley that extended northeast from Atchison 
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and Forest City was tilted up to the east so that the base of the 

Pennsylvanian deposits in Missouri slopes in general from all 

directions toward a point in Holt County. Here the base of the 

Cherokee shale lies at a lower altitude (800 feet below sea level) 

than at any other place known in the State. 

The altitude of the base of the Pennsylvanian rocks has 

been plotted and lines drawn through points of equal altitude 

‘as shown in Plate. XXV. By use of this map, the depth to the 

base of the Cherokee shale can be estimated at any place where 

the altitude of the surface is known. It should be remembered, 

however, that the data on which the map is constructed are 

rather meagre, and the unconformity between the Mississippian 

and the Pennsylvanian causes changes in the altitude of their 

contact within very short distances. These two factors may 

cause errors in places. 



CHAPTER VI. 

GEOLOGIC HISTORY. 

INTERVAL PRECEDING PENNSYLVANIAN 

SEDIMENTATION. 

At the beginning of the Pennsylvanian epoch the area 

included in the present boundaries of Missouri was above sea 

level. The highest part was a plateau corresponding roughly 

with a tongue projecting into the northeastern part of the 

State a short distance west of the site of the Mississippi. The 

region now occupied by the main body of the Pennsylvanian 

was lower, though probably the difference in altitude of the 

two areas was slight. Meanwhile sediments were being de- 

posited in shallow seas occupying parts of Oklahoma, Arkansas 

and northern Illinois and the waters were slowly advancing over 

adjacent land areas. 

A description of the topography of Missouri just before Penn- 

sylvanian deposition began must be largely from inference as 

regards details. Broadly considered, the surface of north- 

western Missouri sloped to the northwest about 4 feet per mile 

to a depression extending from Forest City northeastward. 

Northwest of this depression the surface apparently rose about 

12 feet per mile. Drillings in eastern Harrison County indicate 

differences in the thickness of Cherokee shale of about 250 feet, 

due in part at least to the uneven contour of its base, though 

so great a local variation is uncommon. Along the present 

margin of the coal-bearing territory early Pennsylvanian topo- 

graphy was one of late maturity, much modified by the effects 

of solution. The surface rocks were largely soluble limestones 

containing lenticular layers of insoluble and very resistant chert, 

which, after the calcareous material had been worn away or dis- 

solved, became concentrated as a talus mantle on the slopes and 

accumulated in the stream beds. Large underground channels 

came into existence and many sinks were formed, some of them 

quite large. Ultimately there was developed a karst topog- 

raphy, similar to that now prevailing in many limestone regions. 

(208) 

Ls 
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Although a long time elapsed between the emergence of the 

Mississippian surface and the deposition of Pennsylvanian sedi- 

ments upon that surface, the earth movements which took place 

in northern and western Missouri during the interval were not 

notable. Except in and near the present Ozark country the 

relationship of the land and sea areas to one another were slowly 

modified without appreciably altering the approximate hori- 

zontality of the Mississippian strata of northern and western 

Missouri. As a consequence basal Cherokee sediments in widely 

separated areas rest on formations that are not far apart strati- 

graphically. In northeastern Missouri they lie, in general, 

on the St. Louis limestone, and farther southwest along their 

outcrop zone on the Keokuk and Burlington limestones or their 

equivalents. Back of the basal outcrop, where the Cherokee 

shale is now covered with later sediments, the floor of the Cher- 

okee sea was, so far as known, also formed by Mississippian rocks. 

It is only on and near the Ozarks that Pennsylvanian strata are 

in contact with pre-Mississippian formations or on strata that 

are notably tilted. 

EARLY TRANSGRESSIONS OF THE SEA. 

The Cherokee sea, advancing from the west or south- 

west, first invaded Missouri in the vicinity of Forest City, 

Holt County, and soon extended northeast as a long shallow 

arm through Worth, Harrison, and Mercer counties into Jowa. 

When about 150 feet of Cherokee sediments had been laid 

down the arm had broadened out to the southeast so as to 

embrace Buchanan and Platte counties and, a short time later, 

Clay, Jackson, and Livingston counties. After the deposition 

of nearly 400 feet of material in the Forest City area the sea 

covered practically all of the western tier of counties, except 

Atchison, and soon extended eastward into Henry, Johnson, 

Lafayette, Ray, Carroll, Linn, Putnam, and Adair. When 

the Bevier coal bed was formed, near the beginning of Allegheny 

time and after the deposition of 580 feet of material at Forest 

City, some sedimentation had already taken place in all the 

region now occupied by the main body of the Pennsylvanian 

and in a fairly large area in which there are now only small 

patches remaining. The land area had been reduced to an island 

in southeastern Missouri, with a peninsula projecting into 

Pike and neighboring counties and a small part of a northern 
G—14 
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land mass in the extreme northwestern corner of the State. 

The western sea continued to advance eastward, while an 

eastern sea occupying most of Illinois advanced westward. 

Probably by the end of Cherokee time the two seas had joined, 

submerging practically all of northern Missouri and possibly 

nearly all of southern Missouri also. No deposition appears 

to have taken place at this time in the extreme northwestern 

corner of the State, for the Nebraska City drilling shows less 

than 100 feet of Des Moines strata, probably of Pleasanton age. 

There is still much doubt as to whether the Pennsylvanian 

sea finally covered practically all of southern Missouri and sub- 

merged the Ozarks, though the evidence in hand seems to in- 

dicate that a large part of the region was inundated for a com- 

paratively short interval, beginning, probably, near the end of 

the Cherokee epoch. In nearly all the Ozark counties there 

are small outliers or pockets of shale, sandstone, and coal in 

sink holes and other protected situations. Many of these, at 

least, are of Pennsylvanian age, but were probably deposited 

before invasion or after the sea receded from the region. The 

sink holes themselves were certainly formed while above ground- 

water level and some of them seem to have been deepened while be- 

ing filled with Pennsylvanian coal and other materials. The 

remarkably thick pockets of cannel—a coal formed very slowly 

from only the plant products most resistant to decay—were 

deposited in stagnant water that was probably fresh. 

In addition to the pockets, however, sandstone and shale 

of Pennsylvanian age are scattered over the Ozarks in small 

patches capping divides where erosion has not been active. 

These outliers may have been deposited at the time when the 

sea covered all or most of Missouri. The thinness of the prob- 

able marine’ Pennsylvanian sediments in all of the Ozarks, 

however, indicates that the sea may have retreated again in a 

comparatively short time, probably before the end of the Des 

Moines epoch. If the Warrensburg and Moberly channels 

came into existence late in the Pleasanton epoch, as seems prob- 

able, a relative uplift of the Ozark took place at that time. 

Moreover, the differences in the sediments laid down in Missouri 

and Illinois during the Missouri epoch, so far as known from strata 

still intact, point toward the presence of a land mass between 

the two areas during that interval. Some of the sands deposited 
in parts of the Missouri epoch are also most easily explained by 

postulating a land mass in southern Missouri. The overlap of 
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Des Moines strata toward the west and the probable deriva- 

tion of some early Des Moines sediments from an Ozark land 

mass, on the other hand, seem to show that the Ozarks were above 

sea until late in the Cherokee epoch. 

SEDIMENTATION DURING DES MOINES EPOCH. 

As the Cherokee sea advanced upon the old land surface 

its first act was to rearrange the loose weathered materials 

and to fill up existing valleys and caverns. It may be that much 

of the basal sandstone along the southwestern outcrop and under 

cover farther northwest is only slightly rearranged residual 

matter, and that the thick basal fire clays of east-central Mis- 

souri had a similar origin. The deposit to which Smith applied 

the name Saline Greek cave-conglomerate is the result of the 

filling of underground caverns, in many cases before their sub- 

mergence. True basal conglomerates are rare and essentially 

local, showing that the drainage from the Ozark land mass 

had been sluggish for a long time before Cherokee sedimentation 

began. 

Before the formation of the Tebo and Bevier coal beds 

Cherokee deposits consisted almost entirely of clay and sands 

laid down in a shallow sea that occasionally withdrew while 

peats were formed in low-lying swamps. The earlier deposits 

were laid down in submerged valleys and more or less discon- 

nected bays, and, consequently, varied greatly from place to 

place. About the time the Tebo coal was formed conditions 

became more uniform, and during the later Cherokee depo- 

sition was slower and remarkably similar over large areas. The 

coal swamps were all of the coastal type and were destroyed 

by invasions of salt or brackish water that were often simultane- 

ous over large areas. Several of the coals bear very thin per- 

‘sistent partings, formed during temporary submergences that 

killed the plants but brought in very little sediment. 

During the later part of the Cherokee epoch several thin 

marine limestones were formed, closely associated with coal 

beds. There seem to have been cycles of sedimentation similar 

to those in Illinois which are described by Udden.! The 

cycles began with (1) the growth of coal-forming plants; 

followed by (2) an invasion of the sea which killed the vegetation, 

iUdden, J. A., Geology and mineral resources of the Peoria SEEGERS 

Illinois: U.S. Geol. Survey Bull. 506, pp. 47-50, 1912. 
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but was favorable to marine animal life; then (3) an increase 

in sediment killed most of the limestone-forming animals, and 

the basin filled to the surface with muck and sand; and finally 

(4) soil was formed and plant life began to flourish. In Mis- 

souri a second interval favorable to marine life often inter- 

vened between stages (3) and (4), so that the soil and plants 

of the final stage were laid upon a thin jimestone. Acids derived 

from plant material passed down and dissolved paris of the 

underlying limestone, giving it the nodular appearance charac- 

teristic of many of the “bottom rocks” of coal beds. 

During Henrietta time a greater proportion of limestone was 

produced. These beds were also marine and some of them 

were probably huge fringing reefs and were co-extensive with 

at least the region now underlain by the Henrietta formation 

in Missouri. : 

Pleasanton time was characterized by the deposition of 

muds and sands under rapidly changing conditions, though 

some limestone and a few coal swamps were formed. After about 

100 feet of sediment had been laid down, there was probably a 

relative uplift sufficient to cause withdrawal of the sea from most 

of Missouri. The uplift was greater in the Ozark region and near 

the Mississippi than elsewhere, and swift streams flowed from 

these higher lands to the north and west. Several deep, narrow 

valleys characteristic of a region in early topographic youth 

were excavated, and part of the deposits of Henrietta and early 

Pleasanton time were removed in places. During the last 

of the Pleasanton epoch northern and western Missouri subsided 

and sand and mud were spread over the recently exposed sur- 

faces, most of which had been only slightly eroded. 

SEDIMENTATION DURING MISSOURI EPOCH. 

The Missouri group seems to have been deposited under 

conditions which alternated between those of quiet waters, 

which permitted the growth of marine invertebrates but excluded 

clastic sediments to a large degree, and those of unsettled and 

disturbed waters in which sandstones and shales were deposited. 

From time to time the more unsettled conditions changed dur- 

ing short intervals in which lenticular coal or limestone beds 

were formed. While quiet waters prevailed and calcareous 

materials were conspicuous among the sediments, conditions 

were unfavorable for extensive plant growth. Even at other 

— 
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times coal-forming plants succeeded in establishing themselves 

only for relatively short intervals and, with one or two exceptions, 

in comparatively small swamps. The intervals of limestone 

deposition, on the whole, grew shorter as time progressed. 

One of the notable features of deposition during the Mis- 

sourl epoch was the repetition of an alternating succession of 

limestones and thin shales with thicker shales and sandstones. 

Almost exactly similar conditions of sedimentation appear 

to have recurred intermittently over wide areas. There is 

a striking similarity in the Plattsburg and Stanton, Oread, and 

Deer Creek limestones and to a less degree in the Lecompton, 

Topeka and Howard, and the Tarkio and cap rock limestone of 

Nyman coal. In each case the sections show only minor varia- 

tions from the following succession: 

Limestone, flaggy; a thin bed (at top). 

Shale, drab; a few feet. 

Limestone, gray, thin-bedded; a thick bed. 

Shale, black, slaty. 

Limestone, dark gray, even-bedded; 1 or 2 feet. 

Shale, drab. 

. Limestone, blue (at base). 

In the Plattsburg and Stanton, Oread, and Deer Creek 

members this succession is typically shown. In the other 

cases mentioned the place of the dark-gray, even-bedded lime- 

stone (5) seems to be taken in some areas by coal, and the 

limestone (3) is much thinner. 

The clastic members have certain resemblances, which, 

however, are not nearly so striking as those just mentioned. 

Most of them contain sandstones that vary in apparent strati- 

graphic position within short distances, and include limestones 

that do not maintain uniform thicknesses. 

NOE Pep 

DEFORMATIONS. 

From the beginning to the end of Pennsylvanian time in 

Missouri earth movements in the region now occupied by the 

series were relatively slow, simple, and uniform. In general 

there was a long-continued subsidence of the region, broken 

by periods of stability and with, perhaps, relative uplift of 

adjacent land areas during several intervals. The uniformity 

of the subsidence is shown by the persistence in thickness, areal 

extent, and character of most of the members of most of the 

formations. The periods of stability culminated in the forma- 

tion of the wide-spread coal beds, after sedimentation had filled 
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the sea and caused its withdrawal, and ended when a renewal of 

subsidence again let in the saline waters, killing the coal plants. 

The relative uplift of neighboring land areas is indicated 

by the periodic recurrence of irregular deposition and a com- 

paratively large proportion of arenaceous sediments. In most 

Pennsylvanian formations the strata are remarkably persistent 

and regular, but in the Pleasanton, Douglas, and part of the 

Cherokee formations, and in the Lane, Severy, Scranton and a 

few other members, the strata are variable. An influx of sands 

was usually caused, probably, by changes in the currents of the 

shallow sea, in the direction of drainage lines on neighboring land 

masses, or in the derivation of sediments. During the Pleasanton 

and Douglas epochs, however, the phenomena were somewhat 

more complex. As stated more fully on previous pages, there is 

evidence that the sea may have withdrawn from all or part of 

Missouri in both Pleasanton and Lawrence time while long 

and rather deep channels were formed by sub-aerial erosion. 

These changes appear to have been effected by slight tilting 

and folding in northern and western Missouri as well as by dif- 

ferential uplift of the Ozark region. 

After the close of the Pennsylvanian there were two periods 

of folding. The first of these resulted in the blocking out of the 

main broad features of the present structure, namely the mono- 

clinal dip to the west in north Missouri and to the northwest in 

the west-central part of the State. The second period of folding 

caused the formation of narrow and comparatively sharp an- 

ticlines and associated synclines trending northwest-southeast 

and markedly parallel throughout the State. The structural 

features are more fully described in the preceding chapter. 

The following records are representative of the deeper drill- 

ing that has been done in the region underlain by the Pennsyl- 

vanian. They indicate the general nature, succession, and 

variation of the formations in different parts of the field. The 

description of the Forest City well is made from a study of the 

core which is preserved at the headquarters of the Bureau of 

Geology and Mines. 
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LOG OF DIAMOND DRILL HOLE ON W. F. DAVIS’ FARM NEAR 

FOREST CITY, MISSOURI. DRILLED IN 1901. 

Stratum. Thickness. | Depth. 

Fi. in. Ft. in. 

Pleistocene series: 

Sandy clay, no core (loess)...............- 65 65 

Clay and bowlders, no core (drift:)........ 10 75 

Pennsylvanian series: 

Shawnee formation: 

Tecumseh shale: 

Clavyas halen (GlOsCOLe) eenisiaccis eeeiclesro: ss) enone ee 15 90 

Lecompton limestone: 

Limestone, dark-gray, argillaceous, very 

fossiliferous, especially Fusulina; passes 

into shale....... oc oH Sled ooo ogo med ome cue 2 4 92 4 

Shale, greenish, very calcareous, fossiliferous. 4 4 96 8 

Limestone, gray, fine-grained, much calcite, 

partings shaly, very fossiliferous, especially 

Fusulina; becomes shaly at base, not 

sharply separated from underlying shale. . 4 ii 101 3 

Shale, gray, calcareous at top, black and 

slaty at base; also some dark layers near 

THIEL GLO. ects es = CO. C0 Sido 6 Otho Octo h oibiers 3 3 104 6 

is LPNS Gl E iret aos cece eis ces SA IA RCE Ne acre eee 2 104 8 

Limestone, dark-gray, composed chiefly of 

Fusulina, giving corea mottled appearance 9 105 & 

Limestone, gray, tinged with green in places; 

fine-grained, argillaceous; has a few calcite 

crystals; at top grades into a dark clayey 

Shale a few inches thick................ 10 4 115 9 

Shale, grayish-green; considerably darker at 

the base; slightly calcareous in places.... a) a) 118 7 

Limestone, soft, argillaceous.............. 10 119 5 

Shale, green, very fossiliferous............. 2 119 a 

Limestone, light-colored, compact, fine- 

grained, earthy to sugary, fossiliferous; 

grades to shale at the base.............. 4 10 124 5 

Kanwaka shale: 

Shale, greenish-gray, dark-gray at top; 

pyritiferous, some fossils. ............... 4 7 129 

Shale, gray, considerable mica and some pyrite 

in upper four feet; few fossils,upper part cal- 

> careous in streaks and banded with sand; 

middle not calcareous; bottom calcareous; 

lower foot has a nodular texture......... 12 3 141 3 

Limestone, dark, very shaly at top where 

it grades into above; lower part gray; 

alternate light and dark patches bounded 

by atossilesypyrubiferOUsi) alata ce seis c= lee 3 2 145 5 

Shale, gray; calcareous at top and bottom. 

Ten inches from top is a hard bituminous 

bowlder of blackish-brown color, with a 

thin one-half inch seam of coal on each 

PCIE SS DO OCHO APs © URC ChOICL ONO CU ENERO CG CG GIES aa is 147 4 

Shale, greenish-colored; upper portion cal- 

ecareous; slightly calcareous near the 

bottom....... conto Recoa mo Oo tackon dhe oon S 11 2 158 6 
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LOG OF DIAMOND DRILL HOLE ON W. F. DA VIS’ FARM NEAR 

FOREST CITY, MISSOURI. DRILLED IN 1901—Continued. 

Stratum. Thickness. | Depth. 

Fl. in. Fl. in. 

Pennsylvanian series—Continued. 

Douglas formation: 

Oread limestone: 

Limestone, dark-gray, granular, medium- 

grained, argillaceous, sub-odlitic, the 

fossil fragments being surrounded by 

concentric bands, fossiliferous........... 2 8 161 2 

Shale, gray, calcareous and fossiliferous..... | 5 161 7 

Limestone, dark-gray, very fossiliferous;| 

medium-grained, very irregular bedding| 

planes and diagonal jointing; has several) 

dark bituminous shaly partings......... 6 8 168 .3 

Limestone, dark-gray upper eight feet; re- 

mainder light-gray, irregular shaly part- 

ings, fossiliferous, pyritiferous, calcite 

lining and filling fossil cavities, stylolites. 21 189 3 

Shale, first foot is light-greenish colored and 

calcareous grading to black with thin 

lighter-colored calcareous bands; small 

crystals of pyrite......... Rrotateucwercy otetehenart ip IC) 193 1 

Limestone, gray, with shaly bands, numerous 

rE oobondeb Doo soaeoCOOe ode Poors 2 6 195 7 

Shale, gray and greenish, becoming clayey 

GOwarGsbasele oiejereisiesetoter aster sm te neieie ne svereienene 2 7 198 2 

Clay shale, light-green, calcareous..... Boo” 8 8 206 10 

Limestone, greenish, soft, shaly, nodular. . 2 2 209 

Limestone, gray, with much green shale 

grading to green shale; very fossiliferous, 

especially ‘where: shaly.. s.. cic.c <6 ccs cc se cme 4 6 213 6 

Lawrence shale: 

Shale; green: calcareous lve cicysictatelcraletetonctapeyete a 5 214 dt 

Clay shale, dark gray...... 36 ooao sd ae 2 215 1 

Clay shale, green, calcareous, aareie Suerte 

Enos Foto Oooo cine Suid OL ocho Bey 3 5 220 1 

Clay shale, dark purplish, mottled with 

RTEON,, CAICATCOUAs © Svante wre scciarese: shehelevate Ae SE 1 3 221 4 

Shale, green, with purplish bands; sandy, 

slightly calcareous......... ajatatgeteuePavahekstene 11 3 232 z 

Limestone, mottled gray and brown; com- 

pact, with occasional irregular parting 

planes of shale, giving a brecciated appear- 

ance; contains much disseminated calcite 

(Amazonia limestone)... eee cee ewe wren AN 237 6 

Shale, dark-gray, arenaceous, thinly iene 

inated, having a greenish cast in places; | 

some mica; pyrite in rather large pieces. . 10 4 | 247 10 

Shale, dark-gray, micaceous............... 2 4 250 2 

Sandstone and sandy shale interbedded; 

light and dark banded, thin bedded, mi- 

caceous, pyritiferous, fossiliferous........ 77 8 327 10 

Shale, gray, pyritiferous, slightly calcareous 

in places, especially toward bottom...... 9 336 10 

Limestone, soft, very fossiliferous, argil- 

IBOGOUB . § oso niu sib v8.00 2 srw ViNi6 Riven whee ety 1 337 10 

mare 
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LOG OF DIAMOND DRILL HOLE ON W. F. DAVIS’ FARM NEAR 

FOREST CITY, MISSOURI. DRILLED IN 1901.—Continued. 

Stratum. Thickness. | Depth. 

Fl. in. TH, CPx 

Pennsylvanian series—Continued. 

Lawrence shale—Continued. 

Shale, fine-grained, very calcareous....... 5 5 343 3 

Shale, green, mottled near the base; very) 

calcareous, due to large irregular patches) 

Oi IMAI. oo nooanooocooOoOKUOho CoO 4 7 347 10 

Iatan limestone: 

Limestone, gray, nodular, imbedded in) 

green, caleareous'shale................-- | 9 356 10 

Weston shale: 

Clay, gray and shaly at top; greenish, with 

DuUnpleMavenabpOAsC ere cetekss isreinis els ceuese | 2 4 359 2 

Shale, in part clayey, greenish-gray, mi-| . 

caceous, especially towards the bottom. .| 8 2 367 4 

Shale, blue, green, brown and nearly black;| 

calcareous, slightly micaceous in places;| 

middle part of bed somewhat banded by) 

hard brown ferruginous layers one-half 

inch thick; well laminated except at top, 

WHEE wtMB CIA VOY secs csccit sis, sueve cus sue ores = 39 10 407 2 

Shale, dark-blue, sandy and pyritiferous 

new top; contains occasional hard brown 

TSEC ENS oon oc cone oOnooUCe OOD. HOM es 418 1 

Lansing formation: 

Stanton limestone: 

Limestone, medium-grained, argillaceous, S 

gray with light-colored areas around a) 

dark nucleus; very shaly at top; small) 

AMOUM flO CALCUL alesis eielehslayeneneersiaueiaiens 5 4 423 5 

Limestone, dark-gray, very argillaceous, 

arenaceous, fossiliferous, brachiopods most) 

(COMMONS a, ni ceuekars: sos ce ehats ps tenece feWenccraveteca enarens 3 1 426 6 

Clayagshaleereenishn: .ssusier-asiie riers coger 2 1 428 7 

Limestone, light-colored, mainly fine-grained; 

very argillaceous, especially at the top 

and bottom. About four feet from the 

top are stylolites and drusy cavites lined 

with calcite crystals. Fossiliferous, es- 

pecially at the bottom. This bed consists} 

of alternating dark and light bands, due 

to the presence of numerous fossils, mainly 

IVR WME! Hag aie oes Oe uncom COD DOOo 7 2 445 9 

Sia eriblackwvere-cacpwerctelsciamencectrenenercrensneieyere 1 3 447 

Shale, dark-gray, calcareous, black near the 

base; black streak occurs about two feet, 

ten inches from the top; lower part fossil- 

DLETOM Sime teleNenn cleveitisercot Pare cosauooasDo DoE 7 2 454 2 

Limestone, buff and compact at top, with 

calcite crystals at partings; after two feet 

grades to a more argillaceous type which 

has a dark color. The light-colored por- 

tion is thoroughly crystalline and fossil- 

IIGHOUISS 516.56 oto cl co Doon 04 COM Or Hamada 3 2 457 4 
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LOG OF DIAMOND DRILL HOLE ON W. F. DAVIS’ FARM NEAR 

FOREST CITY, MISSOURI. DRILLED IN 1901—Continued. 

Stratum. Thickness. | Depth. 

Ft. in. Ft. in. 

Pennsylvanian series—Continued. 

Vilas shale: 

Shale, dark-blue; very calcareous, contains 

one or two bands of limestone........... 10 467 4 

Shale, dark-green.) discjcere spe. alersin eee sess apres 8 468 

Shale, greenish, mottled with gray, very 

calcareous. ...... ede dalieltat oan tee Sie 1 5 469 5 

Plattsburg limestone: 

Limestone, light and dark-gray, fine-grained, 

argillaceous, having a granular texture. = 

Portions of this bed resemble white 

“cotton rock,’’ which alternates with thin} 

bands of dark, shaly limestone.......... 4 9 474 2 

Shale; black) calearsouas 10 «12 euct-uacusionienesee 11 475 1 

Limestone, gray, fine-grained, argillaceous ‘ 

at top and bottom. Includes irregular 

bands of dark argillaceous limestone at 

different places; the shaly bands are es- 

pecially fossiliferous; contains much dis- 

seminated calcite in middle portion...... 9 6 484 7 

Shale, gray to dark-gray, calcareous, lower 

13 inches practically argillaceous lime- 

SHOMEIAE So pect wivvernile sfoyepa te lale tase steveloie, Gass LL 216 486 5 

Limestone, dark-gray, argillaceous; increas- 

‘ingly argillaceous at top and bottom; 

lower half very fossiliferous...........>. 5 9 492 2 

Limestone, light-gray, fossiliferous, medium- 

grained, sub-o6litic, contains some dissem- 

inated calcite.......... Gc: Se Sonos che 2 6 494 8 

Shale) Srsenish, ssc sw ssece.s a. 0 sl wares Se og oS 7 495 3 

Limestone, light-gray, fine-grained, having 

much the appearance of cotton rock..... ie 8 496 11 

Lane shale: 

Shale, dark-blue, fossiliferous........ ustaiaiets 2 3 499 2 

Limestone, very fossiliferous, argillaceous; 

rather coarse granular texture........... 11 500 1 

Limestone, dark-gray argillaceous, fossil- 

iferous; contains 3-inch band of very dark 

CAalOBreOUs SHGIC <6 ne omic s\miniais tens minim stoi@iare 3 5 503 6 

Shale, dark,. calcareous, containing two 

3-inch bands of gray argillaceous lime- 

BUONO io soaemiebedeeiein ince can cra ea anata OR EY 3 4 506 10 

Shale, light greenish-gray...... SES cede 2 1 6 508 4 

Shale, gray, calcareous; upper 14 inches is 

practically an argillaceous limestone.... 3 4 511 8 

Shale, dark grayish-green, calcareous and 

arenaceous; about 16 inches from base is 

10 inches of argillaceous, gray, fossil- 

iferG Gs LUMEstONGe «5 \ay<:s)s,< «).276/e0n Pla )t oe wee 14 6 526 2 

Shale, light and dark-gray, in places banded, 

arenaceous at top, the lower 3 feet 6 inches 

calcareous and very. fossiliferous........ 16 1 542 1 
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Pennsylvanian series—Continued. 

Kansas City formation: 

Iola limestone: 

Limestone, light-gray, somewhat coarsely 

erystalline, shaly at top and at intervals 

throughout. Upper part contains few small | 

drusy cavities lined with calcite. In some 

places a fresh fracture exhibits a brownish 

and grayish mottled appearance; fossils 

DLOMIMent ree ee eo scbocacosed 11 | 553 3 

Chanute shale: 

Limestone, very argillaceous, alternating 

with shale, very calcareous; fossiliferous, 

especially the shale. The limestone bands} 

are light-gray and the shale bands are 

dark-gray to almost black (Raytown) | 

IMR OUON eo ecaddsoapasoostes Comoe 5 8 abs? tis 

Shale, upper part dark, almost black; 14| | 

inches of this is very bituminous; the 

remainder is chiefly a greenish color and 

calcareous throughout. There are two 

3-inch bands of argillaceous limestone in 

Bhiss Ped ssfOsSsiliferOuUsis «ace wim elec es cleo eee 7 1 566 

Shale, gray and greenish-gray, calcareous, 

clayey; near base is 16-inch bed con- 

taining irregular-shaped limestone nodules 8 2 | 574 2 

Limestone, gray, argillaceous nodules em- 

bedded in greenish shale; fossiliferous; 

has a coarse granular texture partly crys- 

talline and becomes more solid toward | 

base (probably Cement City limestone).. 4 1 578 3 

Shale, green, calcareous, especially near top| 

and bottom; near base are irregularly- 

shaped limestone nodules............... 4 2 582 5 

Drum limestone: 

Limestone, gray, slightly argillaceous; semi- 

erystalline sugary texture; irregular wavy 

shaly bedding planes 

Limestone, very argillaceous; has a mottled 

appearance due to the extremely irregular 

manner in which the shale and limestone 

are intermingled; limestone, light-gray; 

shale, greenish-gray; near the top is a 

6-inch band of calcareous shale.......... 5 7 590 11 

Cherryvale shale: 

Shale, gray, calcareous; limestone occurs in 

irregular masses........ Scogetec goeeece Tha oa ih 592 10 

Limestone, shaly.......:-..... Ste aecticrene stare exe Bs 594 9 

Shale, dark, bituminous, caleareous........ 10 595 7 

Limestone, mottled light and dark-gray by 

irregular distribution of shale partings... 1 3 596 10 

Shale, dark-gray, calcareous, bituminous, 

alternating with very argillaceous lime- 

BLOneraecna OS Daa nS COO ace POO GOL 6 8 603 6 
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Cherryvale shale—Continued. 

Shale, dark-colored, bituminous, calcareous... 3 

Shale, alternating with bands of dark-gray, 

argillaceous limestone; fossiliferous; be- 

comes more calcareous at base grading) 

, to nodular limestone; sharply separated 

from underlying limestone. /........ oe | 

Winterset limestone: 

Limestone, light-gray, compact, crystalline,| 

having a medium-grained ground-mass 

through which are distributed small calcite 

14 1 

crystals, evidently a replacement of fossils, 7 

Shale, dark, calcareous...... SP otahe eerie } 4s 

Shale, greenish-gray, calcareous toward the 

SOD) 3s chi cpt eo Cee Sree were waters 2) 8 
Limestone, light-gray, medium-grained, 

odlitic, fossiliferous; finely porous; con- 

tains pink barite and pyrites on what 

appears to be a vertical joint; texture 

similar in many respects to that at 627-7 

Limestone, fine-grained; similar to above; 

in 3 beds; less porous and shows less 

oGdlitic texture; lower 18 inches argillaceous 

and fossiliferous....... Siistaiaje}abaleiateseLeraistaie 

Limestone, fine-grained; odlitic and fossil- 

iferous; Fusulinacommon........... aie ie 

Limestone, light-gray, argillaceous, alternat- 

ing with dark-gray calcareous. shale, 

fossiliferous; limestone fine-grained; from 

644-6 to 646-2 and from 652-6 to 656-6 

limestone predominates; these limestones 

contain small nodules of black fossil- 

AFETOUS GHEE mre. <foie ota pieiclepe fee eas ae ee ae 

Limestone, gray, with thin partings of dark 

shale; in places the limestone is colored 

brownish with what appears to be bitum- 

inous material; cherty, calcite, very fossil- 

iferous; darker and more shaly toward 

14 6 659 

WEBO Sars reese er shea eats) lei steal nine baleeeeenetess iota aed Ca 669 6 
Galesburg shale: 

Shale, black, very bituminous; calcareous, 

Gspecially*at LOD c san cis nati sseteie aietste ees 

Shale, gray, clayey; calcareous at top and 

MOCEO MS Sie sieia 6 nis o ctu ws mineib ete eee 

Bethany Falls limestone: . 

Shale, green, calcareous, passes into lime- 

stone nodules embedded in shale; upper 

part of bed and lower part chiefly lime- 

stone; grades into next bed below........ 

3 i 672 7 

Seo 678 5 = 
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Pennsylvanian series—Continued. 

Bethany Falls limestone—Continued. | 
Limestone, gray, showing light and dast| 

mottled appearance; parting planes are} 

extremely irregular, giving the surface a 

brecciated appearance; lower portion con-| 

tains considerable shale mixed through) 

the limestone, which shows _  stylolites;| 

lower portion fossiliferous.............. | 7 4 685 9 

Limestone, o6litic, very hard, containing 

many small cavities; stylolites numerous) 

Ea! Tomowaawhwacwyn, oo a oasanovoscaceace 5 | 2 10 688 rad 

Limestone, gray, rather fine-grained, with 

disseminated calcite crystals; upper part) 

somewhat pyritiferous; shaly layers, fossil- 

IMO Go not fs ocsoroooeOnOonOEoE Ce OGAtS 9 7 698 2 

Ladore shale: 

Shale, dark, bituminous, calecareous........ 3 5 701 7 

Limestone, very argillaceous; grading to 

Bhaleraboverang Delo waters aielcteiele aie) cister= 7 702 2 

Shale, greenish, calcareous. Slickensides... 5 4 707 6 

EnMEstones are laCCOMBis ies. sl) as/elele ie eee) <jfenaraia 10 708 4 

Shale, containing irregular nodules of lime- 

ROMs b.dieGtsc5.0 CAOOURO DOU Om aC GnOOUS A 1 2 709 6 

Mimiestome) argillaceous). 2-2. 22 5 cm « slere «eels 6 710 

iialeme al CALTOOUS as qerciegeraiaissiskeyora=eassetater eee « 6 710 6 

imimestoneyarpillaiceousies css sce scenes eye mene 4 710 10 

Shale, containing irregular nodules of lime- 

BEONEMrdusessosicusneie seers Coen Gon dodeocogate 10 711 8 

Shale, dark-green, calcareous.............. 6 712 2 

Hertha limestone: 

Limestone, gray, with shaly partings, oc- 

casional cavities lined with calcite crystals; 

LOSSiliferous SLYOlUbES).). aye sieeve eevee eis cele s = PEt: 725 il 

Pleasanton and Henrietta formations: 

= Shale, blue-gray, calcareous, sandy, fossil- 

iferous, pyritiferous...... Staccosogecace 1 6 726 7 

Sandstone, dark and light bands, shaly, 

pyritiferous, very calcareous............ 4 11 731 6 

Coal, contains fossil plants (Ovid)........ 6 732 

Clay, blue-gray, arenaclous; darker and 

carbonaceous at top; shaly at base... 2 4 734 4 

Sandstone, grayish, fine-grained, calcareous; 

thin-bedded at top; more massive in lower 

portion; pyritiferous and contains numer- 

ous small pebbles near top; micaceous be- 

tween 737-10 and 742-10........ 5 8 6 742 10 

Sandstone, blue, argillaceous, fine- prained. bs 

Pyritiferous, MicaceousS.............e.s% Aut 747 9 

Sandstone, greenish-gray, rather coarse- 

grained, having a spotted appearance; 

‘ealeareous, fossiliferous, pyritiferous, mi- 

4 5 752 2 caceous in places............ Siem airo niet are 
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Pennsylvanian series—Continued. 

Pleasanton and Henrietta formations—Continued. 

Shale, grayish-blue; between 766-9 and 

771-9 calcareous and increasingly so 

toward thGs base 26 vis sam aie pele eile 19 7 771 9 

Limestone, dark-gray, argillaceous, fossil- 

phicy oii tsmal itch gs Lae a as Co ee Oe it 3 5 775 2 

Shale, dark-colored, calcareous, arenaceous, 

pyritiferous, fossiliferous................ 5 775 a 

Shale, green, sandy, clayey; calcareous in 

places, especially at base.............. 3 9 779 4 

Limestone, light-colored; argillaceous chiefly 

at top and bottom; fine-grained, compact, 

with small disseminated calcite grains. .| 1 9 781 

Shale, green, upper half calcareous......... | 1 3 732° = 

Clay and shale, blue, green, black and) 

brown calcareous, arenaceous, bituminous! 

at top and a bituminous bed lower in the 

BECLIO NW eit aie) a eicreieiol =r ee eet cae een eee 9 2 791 6 

Limestone and shale, nodular; limestone 

gray; shale brownish-gray; shows fine 

cross fractures which have been re- 

~ 

cemented with calcite....5...5....56% . 3 2 794 8 

Shale, greenish, calcareous, with ES 

thin irregular bands of limestone........ 4 5 799 x 

Limestone, somewhat crystalline; several 

thin partings of shale.......... equines 1 5 soo 6 

Sandstone, light-green, fine-grained, argil- 

laceous; from 802 to 810 dark-green and 

more shaly; micaceaus and very fine-) 

Framhiiltole = ane Obocda Goce sae SOG youn 9 6 810 

Shale, gray, banded with red and green..... 2 6 812 °6 

Clay; dark-grayinioie «ae aa poe et oe 2 8 815 2 

Limestone, greenish, mottled, argillaceous, 

passing into a very calcareous shale in 

lower two feet; fossiliferous......... 5 4 821 6 

Shale, light to dark-gray, and nearly piers 

in part clayey. Sea. ss cele se ome ara Meane 3 8 825 2 

Clay shale, greenish...... aun ea! ui Sletaietemr ste mete 1 4 826 6 

Shale, greenish, fossiliferous, passing into 

greenish-gray, argillaceous limestone...... 3 5 s29 11 

Shale, light to dark-gray;in partclayey..... 3 2 $33 1 

Shale, greenish, very calcareous, fossil- 

iferous, passes in places to fossiliferous, 

argillaceous limestone......... © anlar oie, giare 2 11 836 

Cherokee shale: 

Shale, black, with a thin layer of coal 
(Lexington)‘at bottom. ...... )os<- 460.52 10 | 886 10 

Clay shale, dark-gray at top, light-gray 

GOWSYO)S DABS. a i%, esos aie ws 's aia neta a ee 6 7 843 5 

Limestone, gray, argillaceous; grading to 

shale above and below; fossiliferous.... 5 7 849 

Clay, light-gray, calcareous. .............. 2 851 
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Pennsylvanian series—Continued. 

Cherokee shale—Continued. 

Shale, green, micaceous, arenaceous........ 1 4 | 852 4 

Shale, reddish-brown, arenaceous, micaceous, 

with two thin greenish beds, slickensided. . 3 ai 855 11 

Shale, slaty, dark-gray, arenaceous, mica- 

ceous in places: calcareous, especially in 

WA IEE BCE oon aceboood ganoocecooon 10 865 11 

Limestone, medium dark-gray, fine-grained, 

argillaceous at the top, arenaceous at the 

bottom. Very fossiliferous, brachiopods 

and a species of Chonetes resembling 

granulifer especially common; calcite crys- 

WE sn oocooomope ao Scorned aiotes Storolos brome 2 867 11 

Sandstone, dark bluish-gray, fine-grained, 

argillaceous, micaceous; calcareous at top 5 & 873 4 

Shale, black, slaty; rather arenaceous at top 7 8 881 

Shale, like above. From 883 to 887 more 

calcareous and fossiliferous and less slaty; 

two feet from the base occurs about 8 

inches of very bituminous shale; calcite in 

PrACHULe PLANES. ale te eleiers) ses an dotooanotes 8 8389 

Coal, bony; has white scale on vertical faces 

(Sehaiient) ior ows oor pan Oot oe ee 4 ss9 4 
Sandstone, hard, gray, rather coarse-grained, 

with irregular very thin bands of carbo- 

naceous matter; slightly calcareous, pyri- 

= PERRO. o ARO ao pie Oo sHoonouEdoOGAgeOe Cos 4 4 893 8 

Sandstone, fine-grained, very argillaceous, 

SAAMHUKTAOMISs oA oecood ooh eonemooonboe ade 1 3 894 11 

Shale, dark-gray, arenaceous, upper few) 

{uches foOssiliterOusyeatenciei eck eisienwer Esler ste © 3 4 898 3 

Clay, caleareous...... wietehaiistn =i-lelelle! si shies: ==1= 2 1 899 3 

Limestone, compact, fine-grained, fossil- 

MeTOUS Ave UlACCOUS re r-uersielratchaneieeteien arse 2 g) 902 

Limestone, dark-colored, very argillaceous, 

fossiliferous, grades into shale, brachiopods 

Shale, gray and black, alternating; calcareous, 

especially the gray bands. The middle 

4 feet and a six-inch band near the top are 

very bituminous; in general becoming 

darker and more slaty toward base....... 

COLIN RCPS Gap sen BR IPs AU cL oR SeRC Coco e Ame 

Limestone, greenish, argillaceous.......... 

Shale, green, calcareous; slightly arenaceous 

Limestone, light-gray, very argillaceous; 

occasional calcite crystals............... 

Shale. green to black, slaty, caleareous...... 

Limestone, fine-grained, very carbonaceous, 

ALP ACCOUSE herein A hee S cabiaes ieee easel ( 8 930 7 
Shale, dark; many very thin argillaceous 

fimestone bands; about 6 inches at the 

S top is black, slaty, and carbonaceous..... 3 933 7 

10 .-| 916 10 

919 10 

922 

® bo Ww OO 

to 

to i) 928 

Se alae a for) 
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Pennsylvanian series—Continued. é 

Cherokee shale—Continued. 

Shale, greenish, clayey, almost black at the 

top, calcareous, areEnaCCOUB. 26 once wae = 3 936 vf 

Sandstone, fine-grained, argillaceous, cal- 

careous in places, pyritiferous........... 7 5 944 

Shale, green, arenaceous, micaceous; the 

upper 7 feet 4 inches practically argillaceous 

sandstone. Many lamellibranchs and 

JopeeKelarkoyolelshje ano ooo Hao oo sae hoon ons 17 961 

Shale, dark grayish-blue, almost black in 

places; very fine-grained; slightly arena- 

ceous, pyritiferous and contains many hard 

brown calcareous spots; fossiliferous..... 23 6 984 6 

Limestone, brownish-black; very fossiliferous, 

carbonaceous, argillaceous, arenaceous 

Productus cora especially abundant...... 1 8 986 2 

Goals rotten (eed tord) manent eer er 4 986 6 

Shale, gray, pyritiferous; contains pieces of 

carbonized wood; at the base arenaceous 

and MiICACCOUB). eo eles o elare Stu netiohs iene ta terete 6 9 993 3 

Sandstone, Fk CoreeenEe ee eeeieie palcaneo 

towardithe Dass ccs cs isis) + duets atstels Sen aos 1 3 994 6 

Coal, pyritiferous (Bevier) .............-- 1 2 995 8 

Shale, bluish-gray, micaceous, carbonaceous . 

in) AUP PEK SPAUl.. eis eieterey oferenorenaye pono schoo: a 4 997 

Sandstone, gray, soft, argillaceous, carbo- 

naceous in places; pyritiferous, contains 

numerous hard brown ferruginous beds 

throughout; micaceous and shows a finely 

laminated structure; grades into a shale 

near the bottom; fossils are numerous, 

among which are plants......... aoe Wort | 7 1004 

Shale, dark-blue to black; nes several very| 

hard, brown, ferruginous bands usually) 

less than one-half inch thick; the last six 

inches is very carbonaceous..........-.. 7 6 (1011 6 

Shale, greenish to brown, fossiliferous, with| 

calcareous bands and nodules........... 18 1 |1029 7 

Shale, black, slaty, carbonaceous.......... 1 1030 7 

Limestone, greenish-gray, compact, argil- 

laceous, earthy texture..............0.: 8 (1031 3 

Shale, slaty, calcareous and carbonaceous... 1 10 (|1033 j | 

Limestone, dark, bituminous, fossiliferous, 

argillaceous; has dark-gray fucoidal mark 

bet 4c SOND aves algay oh eubey oeitataierts ie te late ionine 11 1034 

Shale, black, slaty, cAben anced Sea arenets 1 1 |1035 1 

Limestone, brownish-black, Bea erat: 

laceous; fossiliferous. .......04ecaeveewce 4 1035 5 

Shale, black, slaty, carbonaceous.......... 1 9 (1037 3 

Limestone, brownish-black, compact, argil- 

JaceOus; TOBBUTTErOUS. ci55.5 ele apes nis ols ein Wielgle § |1037 10 

Shale, black, slaty, carbonaceous..........- 2 2 (1040 

Coal (TODO?) sie siete os eee v a ee tice ein ims 1 3 1041 3 
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Cherokee shale—Continued. 

G—15 

Clay, dark-gray; becoming sandy below and 

containing numerous small pebbles and 

grains of quartz; pyritiferous and fossil- 

MOROUISC 5 oa paper sido 6 aidan DOOO6.000 

Clay Miieht=oray, SANG yin «elects a cles cle sis es cle 

Sandstone, fine-grained, greenish, very argil- 

laceous, shaly in places; very pyritiferous 

and slightly calcareous at the top; becomes) 

micaceous in lower part...............-. 

Shale, rather dark-gray, arenaceous with 

numerous very irregular hard brown 

ferruginous concretions and alternate dark 

havo, bie as oee aXe liar, oy Sl Ola e cata) GG Orono Gi 

Shale, black, carbonaceous.............. ao 

Shale, dark-gray, clayey, carbonaceous, 

SICUCIMENCKNC sme ec opscoowocoooMobooabse 4 

Sandstone, gray, fine-grained, micaceous, 

LOSSILTOROUS werekeleiersrccteltie te = cles meooo od bao 

Shale, gray, arenaceous; clayey at top; con-- 

tains irregular calcareous patches and 

hard brown ferruginous nodules and 

bands; very pyritiferous, fossiliferous and 

SUC era NCIC og Cio oig 6 Oe O.Ob1O.o10.0.6 oo UI OIDO-oIn oO 

Shale, grading from dark-green to black; 

calcareous; micaceous toward the bottom 

Clay, brownish, very sandy; grading to 

sandstone below... se... 0 cs cs p00 0.00.0 

Sandstone, light-colored, greenish-tinted; mi- 

caceous, with irregular brown calcareous 

nodules. The upper 12 or 15inches are very 

argillaceous, being a gradation from the 

ChyCw@bratay=s 1o\Soo poe looks sooood Sooosoo ones 

Sandstone, dark-grayish to ARS Onn, shaly, 

somewhat micaceous..... o's Odc0\0.0%.0 oo 

Sandstone, very micaceous ......-s.sece. 

Sandstone, shaly. The shale in this med 

occurs in thin wavy laminae separating 

the sand into thin bands. Very micaceous, 

with alternate gray and brown color.... 

Sandstone, like above, except an increase in 

thickness of shale bands............... 

Shale, sandy in part; pyritiferous and cal- 

careous; micaceous........ Sondocacodes 

Shale, dark bluish-gray.................. 

Shale, black; one foot from the top is a 14-| 

inch band of dark-gray shale, the remainder 

being chiefly black with irregular hard 

brown areas at intervals. Somewhat cal- 

careous in places and in others very car- 

bonaceous; fossiliferous. ... ce ece sec eees 

Ft. 

wo 

10 

o 

13 

in. 

10 

Ft, 

1043 

1045 

1051 

1055 

1059 

1060 

1060 

1064 

1070 

1071 

1079 

1082 

1084 

1094 

1097 

1098 

1105 

1110 

1120 

1127 

1141 

in. 

an 

a 

11 

10 

10 
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Cherokee shale—Continued. 

Coal, pyritiferous........ afedenstsueterersy slakaletapete 9 /|1141 9 

Clay, gray, pyritiferous............. Suc 4 3 1146 

Shale, brown, iron-stained, very hard....... | 5 1146 5 

Sandstone, dark, argillaceous; slickensided. .| 1 2 |1147 7 

Shale, dark, pyritiferous; arenaceous at top 2 5 |1150 

Shale, black, very carbonaceous........ 3 {1150 3 

Shale, dark-colored, clayey, arenaceous, aed 

numerous hard brown ferruginous bands 

and) no dinles areas caitevatalstarsieleretersste BOooeon 7 10 |1158 1 

Clay, light-colored, sandy........ Pociatere ei EP ba 1160 

Sandstone, light-colored, aeatine erainane 

discolored in irregular patches by brown 

ferruginous material............. AO n0 4 8 |1164 8 

Sandstone, bluish-gray, finely- Rushed very 3 

argillaceous, micaceous; lower part speckled 

with brown grains....... ARO BD AS 3 6 /|1168 2 

Shale, dark-colored, arenaceous at top...... 2 6 {1170 8 

Sandstone, light-colored, fine-grained, mi- 

CHK TOI OD OOm ced OOO oA tS CAMO ESES Giten os ae Ll tO: (Ee 6 

Shale, dark-gray, contain some mica; 

BIIGKONELIASGS eon eels ss als BaP ORCUS CICERO Oot OC 1 3 {1173 9 

Shale, black, with many irregular hard, 

brown, ferruginous masseS...........+-.- 2 4 /|1176 1 

Shale, black, slaty, pyritiferous.......... Os 6 5 |1182 6 

Sandstone, very argillaceous.............. 6 |1183 

Shale, dark-blue to nearly black, arenaceous, 

' numerous brown, ferruginous bands, mi- 

caceous and pyritiferous............... 3 4 /|1186 4 

IWiEASTOG “COC. fe cals iqielnel elas coos0008 Syeletinraysvee 2 2 |1188 6 

sf Sandstone, brownish-black, hard, calcareous, 

FOBSULTFETOUB narehel elelelsieieieieieretenelc Boeedoots 2 3 41190 9 

Shale, black, slaty, hard. calcareous, charac- 

terized by alternating thin gray and black 

bands; some hard, iron-stained bands, also 

pyritiferous; grades into shale below...... 16 1206 9 

Shale, light grayish-green; contains sandstone 

in bands, the amount of sand increasing 

toward the base; pyritiferous............ 7 5 |1214 2 

Sandstone, light-gray, fine-grained, slightly 

MUICACHGUE 5 in iare ais Tiers) ois six eVataiele’ motels kre ao Tarn 1 6 |1215 8 

Shale, greenish-gray; contains small sand- 

- like granules which appear as black specks 

on the surface, These are thought to be 

iron carbonate, partly or completely altered 

to iron oxide. This shale has a rough 

granular texture as a result of the dissem- 

inated particles of siderite..........ee-- 10 (|1216 6 

Sandstone, greenish, argillaceous; contains 

granules similar to those in shale above, 

also iron-stained in irregular areas...... 1 4 |1217 10 
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Cherokee shale—Continued. 

Shale, greenish-gray, arenaceous at the top; 

grades into a dark-gray non-arenaceous 

EINES fpbieliccraiswololo jon oooonupcaccbUudKe 4 6 |1222 4 

Sandstone, light bluish-gray, fine-grained; 

caleareous and argillaceous in places; 

micaceous. Brown siderite particles are 

prominent and in the last 18 inches form 

MapHermare QmmMlasseswercrescucisieteteherererevali= reicrs ts 5) 3 1227 "/ 

Shale, black, slaty, carbonaceous, with thin 

Coe REM boo ocoacoonoouodddcDdKCO00o" 2 1229 7 

Sandstone, gray, fine-grained, micaceous; 

has bluish argillaceous bands near the 

bottom. Fossiliferous; numerous plant 

remains. Small brown granules similar to 

those observed above... .--<-.-686.-++---- 6 9 |1236 4 

Shale, dark-bluish; lower 5 inches black, 

above which are seven inches of pyritif- 

erous shale... ..:....-. dapeoo6 POR 0 OB-o 3 8 1240 

Shale, dark-blue to’black, with hard, brown 

bands pyTibiferOUS!. ccc ecle ete vis se lel esis s ee al 4 |1251 4 

COC EN Le re ae nde CRED ee C/ eee CRC, Cu CR ERE Pe 5 (i251 9 

Clay, dark-gray, sandy, with coal partings. | 4 |1252 1 

Sandstone, fine-grained, micaceous; has thin 

coal partings usually diagonal to the core, 

fine brown granules. Near the top the 

color is a light-gray, but becomes a dark- 

bluish gray, and finely laminated toward 

HOM D ASE) erie aie ciate eee soodoceorooooowes 5 11 |1258 

Shale, black, bituminous, slaty, with hard, 

brown layers)... .:....02... coco Me ODE Oaerosd 5 5 1263 5 

COE, menial. SoG oocaneooocooC AD HODOROUE 4 3 |1263 8 

Sandstone, gray, fine-grained; several thin 

layers, clayey, showing brown granules, 

carbonaceous and pyritiferous in places.. 5 10 |1269 6 

Shale, grayish, clayey, arenaceous; slicken- 

EGG ogidagaocot one odd goo soobo sno ho 2 3 |L271 9 

Shale, clayey, carbonaceous, arenaceous. . 3 1272 

Sandstone, argillaceous, increasingly shaly 

at top and bottom; has a finely-banded 

structure and contains brown ironstone 

concretions; color dark bluish-gray, due 

to carbonaceous material; plant remains 

CMC anon peooopenodeccnonra SC amd Odo 6 4 1278 4 

Shale, black, hard, arenaceous, micaceous; 

contains plant remains........ OOO Otcae 3 1281 4 

Sandstone, banded, shaly...............-- 5 |1281 9 

Shale, dark-colored, arenaceous, with few 

hard, brown bands, pyritiferous......... 1 6 |1283 3 

Shale, light-gray, very fine-grained, arena- 

ceous, in places clayey; contains iron con- 

cretions. An inch of coal occurs in the 

lower part of the bed. Texture somewhat 

BALE ya ACOS sranensteeselarltalciesteretelel stele tae 3 8 |1286 11 
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7 Fl. in. Ft. in. 
Pennsylvanian series—Continued. 

Cherokee shale—Continued. 

Sandstone, gray, argillaceous; the lower half | 

is banded by thin partings of shaly car- . 

bonaceous material; contains iron con- 

CLOUIODS sie) aiepeteiedelokatnenereraiehe pacodos ge aces 4 9 |1291 8 

Shale, dark brownish-black, arenaceous; 

contains ferruginous bands; concretions 

prominent, pyritiferous, micaceous; grades 

into argillaceous sandstone at base........ 10 1301 8 

Sandstone, dark-gray, laminated, calcareous, 

Bhially;,|saieCaACCOUs srsrae tas patois neta Vanek eratenas 40 4 |1342 

Sandstone, shaly, somewhat earthy, contain- 

ing, especially near the bottom, brown 

ranMwles MOF BIASLLUG sq <terspereyetiel srere te) ote ale aln af 9 |1343 = 

Shale, dark-gray, sandy; containing numerous 

brown granules similar to those mentioned 

above; fossil ferns common............- 7 (1345 4 ‘ 

Shale, black, slaty, fine-grained............ itil 3 (1356 7 : 

Sandstone, brownish-black, hard, coarse- = a 

grained, containing light bands which : 

effervesce freely, due either to siderite or { 

CAL CIEO si5,5. 57a: eves wip nsis, op seatepsteyseeeceus ageraysteeras 1 1357 ee 
Shale, dark brownish-gray, very arenaceous, 

MICACEOUB. .. 2 eee eee wesc ee eeece ee seeee 3 5 |1362 

Sandstone, light-gray, rather coarse- 

grained, micaceous and porous; contains 

iFOM! CONCTELIONS |. © o cyeic ois wiete es wie weasels 6 4 |1367 4 . 

Sandstone, dark-gray, argillaceous, with iron { 

COMCTOUONS a) aieiate) «enon Aedo Sse 5c ots sos 8 |1368 

Sandstone, light-gray, fine-grained, slightly 

micaceous, argillaceous; contains brownish q 

granules and areas of iron oxide.......... 2 4 |1370 4 

Sandstone, gray to brownish, banded with 

thin layers of carbonaceous material; 

BSCRLMIACCOWMB iss. < crereychereiehersioreitnlsleraterarats pane Pe 9 |1383 1 

Shale, black, micaceous, with hard brown 

bands OF GCONCTORONE. c\0.0 oj .s0m eee Ole 1 4 (1384 5 

Coals crete sense sate ils atcualencts pusteper teres talateese 5 |1384 10 . 
Clay, .eray;,.famdy.at) tops. cnieis tiers ive Siete named 2 6 |1387 4 

Shale, black, carbonaceous, pyritiferous; 1 

contains hard, brown bands..........+.+.- 2 9 |1390 © 

GORE  wjaild Susie a n)nye: © x's with Spal SIs aleve taetert 10 |1390 11 . 

Glaly,, (DAY) HOLY <tc scence. olieioxaips: ain tal ele (ore sista me ZL 1 {1392 

Wiakted OOTGin,.t. 1. bins sceislele sie memebacinre eustata 1 - (4) 28287 > 2 
Clay, gray, grading to black below.........- u 4 (|1394 8 

Shale, black, carbonaceous, containing a few 

hard, brown, ferruginous bands.......... 5 5 |1400 1 

Shale, black, arenaceous, with hard, ferru- 

ginous bands; more arenaceous and less 

laminated at the bade... cis css ores sicia] 0 LG | eas Cg 

Sandstone, black to brownish-gray, argil- 

laceous, bituminous, calcareous; fossilif- 

erous, especially lower portion........... 12 9 ‘1425 4 

7 
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Pennsylvanian series—Continued. Fl, in. Fi. in. 

Cherokee shale—Continued. 

Sandstone, gray to light-gray, medium- 

grained; interbedded with thin carbo- 

naceous layers and containing some bands 

which are very hard, dense and fine- 

fenbalevel > GG boo Coonconbooeoscconococe 9 8 |1435 

Shale, black, carbonaceous, pyritiferous, 

containing fossil plants; somewhat cal- 

careous, especially near the top.......... 5 1440 

Clayashaledagk-onayiesceswacpeiste|stereieecsccsta) foi 4 1444 

Sandstone, dark-gray, coarse, argillaceous, 

brown ferruginous granules abundant.... 1 8 1445 8 

Shale, dark-gray, clayey, slightly arenaceous 8 4 (1454 

Sandstone, brown, coarse-grained, argil- 

IEEE oS cobb ooo ecco de beo oe oeo UE OOO oN 3 |1454 3 

Clay, dark-gray, slightly arenaceous....... 3 6 |1457 9 

Sandstone, brown, coarse, argillaceous...... 7 (|1458 4 

Shale, dark-gray, clayey, slightly arenaceous 5 8 1464 

Shale, arenaceous; similar to that above, but 

Garkereinsieicas cass tosonsbosanadsesooacs 1 9 1465 9 

Shale, black, carbonaceous, slaty; slicken- 

sided; pyritiferous, especially one foot 

meer WACK Soa soc coopcsuUAS ToD euo UGE 14 3 |1480 

Shale, biack, carbonaceous; shows plant 

remains and contains numerous hard 

iron-stained bands; slickensided......... 4 4 |1484 4 

Shale like above; calcareous; becomes harder, 

more sandy and micaceous.............. 4 2 1488 6 

Sandstone, light-colored, coarse, hard; con- 

tains’ many slivers of carbonaceous ma- 

terial and large masses of pyrite......... 1 7 1490 1 

Sandstone, light-green to light-buff; banded, 2 

fine to medium-grained, micaceous....... 3 1 1493 2 

Shale, dark to light-grayish-blue, clayey; 

arenaceous at bottom and contains some 

CARDONACECOUS mM abe apate ional yal tealoieial =) etnn 2 4 |1495 6 

Sandstone, light-gray to buff; banded, 

medium-grained. In the upper 6 inches 

are cavities which were evidently filled 

with clay. Grades into bed below....... Pde ils 1498 5 

Sandstone, striped grayish-blue and buff, 

argillaceous; streaked and spotted appear- 

Gus Cosa oe oe aobowecce cero eooseae oes 2 6 {1500 11 

Sandstone, banded; light-buff separated into 

thin beds by shale laminae which gives 

a striped appearance. The shale is more 

abundant in the middle; micaceous...... 5 9 |1506 8 

Shale, black, in part containing slaty, hard, 

brown bands. Theupper portion is banded 

with thin layers of sandstone but the lower 

foot is very free from sand.............. 11 6 |1518 2 

Sandstone, alternating light and dark- 

banded, dark-colored bands being very 

PRC ACE OMS ort eaice ap oh en alel ofats she iche sie! snpiee< on 11 10 {1530 
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Cherokee shale—Continued. 

Goaltns xt. aieleerateress mlaiereloletelsteletaleisteiseleiatatette 2 {1530 2 

Shale, dark, carbonaceous................ 4 1530 6 . 

Sandstone, light-gray, fine-grained, argil- 

laceous, fossiliferous.. < ccc cecwccwc cis 3 8 |1534 2 

Sandstone, consisting of alternating light 

and dark-colored bands, the dark bands 

being argillaceous and becoming more j 

prominent toward base; contains ferru- 

ginous concretions; medium to fine-grained 11 7 (|1545 9 : 

Shale, banded, very arenaceous..........-..- 6 2° \1SSis eet 

Sandstone, bluish-gray, finely-laminated, mi- 

caceous; contains much carbonaceous 

MALTON al oyoteislele iste taiaiatele coed goGanD woa6 3 9 -|1555 8 

Sandstone, buff to yellowish, coarse, pyritif- 

erous; contains numerous plant impres- 

sions which show as black streaks........ 1 7 1557 3 

Shale, black, carbonaceous, somewhat sandy 

in places; contains a one-half inch bed of 

coal 5 inches from the base............. 2 10 |1560 1 

Sandstone, light-colored, very fine-grained, 

argillaceous, in places carbonaceous; con- 

tains Sigillaria and other fossil plants; 

BIIGKOENSIGOU ts ererakelelelelereis ereleierelorers AS conto 6 2 (1566 3 

Shale, dark-gray to black, in thin laminae; 

carbonaceous, with occasional hard, brown, 

ferruginous bands; slickensided........-. 14 1580 3 

Sandstone, fine-grained, argillaceous, cal- 

careous; contains fragments which give it 

a rough, knotted, conglomeratic appear- 

BNEO aiajeie ce lehaie winlete instore levelmie ator etter Sievelenetel b Rig bs | 1582 2 

Shale, black, bituminous, slightly micaceous 4 3 |1586 5 

Sandstone, black, slightly calcareous, argil- 

a a 

laceous, fossiliferous, pyritiferous........ 1 3 |1587 8 

Shale, black, arenaceous, especially at top, 

pyritiferous and micaceous...........-. 19 4 |1607 

Shale, like above except for thin beds of gray, . 

micaceous sandstone in lower 2 feet...... 6 4 |1613 4 

Sandstone, light-gray to white, porous; lower 

2 feet calcareous, coarse-grained........ 4 10 |1618 2 

Limestone, argillaceous, crystalline; contains 

stylolites with black bituminous material 7 (|1618 9 

Sandstone, like that between 1613-4 and 

1618-2, but finer-grained............--- 1 3 (1620 

Sandstone, light-gray, calcareous, alternating 

with irregularly bedded fine-grained gray 

limestone; stylolites in limestone......... ep at > 11623 sat 

Mississippian series: 

St. Louis limestone: 

Limestone, gray to brownish-gray, cherty, 

semi-crystalline, dense and hard; stylolites 

which contain black, bituminous material; 

DYTIGIFELOUS Ss itis jc econ p ae seis lege seuss te vie viele 11 7 (1633 6 



FOREST CITY DIAMOND DRILL HOLE. 231 

LOG OF DIAMOND DRILL HOLE ON W. F. DAVIS’ FARM NEAR 

FOREST CITY, MISSOURI. DRILLED IN 1901—\Continued. 

Stratum. Thickness Depth. 

Mississippian series—Continued. 

St. Louis limestone—Continued. 

Limestone, dark-gray, argillaceous, fine- 

grained, fossiliferous............--+++-+- 2 9 1636 3 

Limestone, brownish-gray, dense, fine- 

grained. Ground-mass with veins and 

vugs of calcite; stylolites. In lower 2 feet, 

thin, dark, wavy, shaly bands are abun- 

dant and extremely irregular. The two 

phases grade into each other............-. rh 1 1643 4 

Limestone, gray, conglomeratic, separated 

from above by one-quarter inch shaly 

band; has some coarse sand grains in 

cementing material..............------ 3 |1643- 7 

Limestone, dark-gray, hard, very fine- 

grained, having a very dense, compact 

texture; stylolites are numerous; pyritifer- 

ous; contains many small calcite crystals. 

Eighteen inches from the base is a 2-inch 

seam of sand and dark shale............ 11 2 |1654 9 

Limestone, gray, irregularly bedded, argil- 

laceous and arenaceous, with greenish 

shaly layers diagonal to core...........- 7 (1655 4 

Limestone, dark-gray, very fine-grained, 

compact; has many thin veins of calcite 

and pyrite; similar to the bed between 

1643-7 and 1654-9...... Ace dopeo dep oee 5 10 |1661 2 

Warsaw shale: 

Limestone, dark, pyritiferous, with irregular 

dark shaly layer8.........--+s+es-esee-s 1661 5 

Shale, yellowish-green........... coooon edn 2 |1661 7 

Limestone, light-gray, fine-grained, slightly 

arenaceous, earthy near the bottom; grades 

into arenaceous shale having a greenish 

color. The latter contains reddish, iron- 

stained quartz............ cooopgtostiod 4 7 |1666 2 

Dolomite, gray, soft, argillaceous; contains 

small tubes filled with a white substance, 

wo 

and small white spots............-+.-+- 1 6 |1667 8 

Shale, dark greenish-gray, arenaceous; 

slightly calcareous; geodes; pyritiferous... 4 5 1672 1 

Sandstone, blue-green, calcareous, argil- : 

laceous; grading to shale at the bottom... 1 1 |1673 4 

Shale, blue-green, arenaceous, micaceous.... 8 |1674 

Shale, gray and green-banded, arenaceous, 

very fine-grained; contains quartz geodes. 3 6 |1677 6 

Shale, blue, arenaceous.......... COONS Bo. 11 |1678 5 

Sandstone, light, argillaceous, calcareous, 

fine-grained, texture earthy; resembles a 

cotton rock; contains a few fossils........ 1 7 +‘|1680 

Limestone, light-gray, in places with darker 

bands, arenaceous, argillaceous, resem- 

bling a cotton rock, texture earthy; con- 
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Mississippian series—Continued. 

Warsaw shale—Continued. 

tains quartz-lined geodes. Two thin seams 

of soft dark shale, 2 inches and 4 inches 

thick, respectively, occur 4 inches apart 

near middlevwf bedi Soccer mescseree sogshoc | 10 11 |1690 11 

Shale, dark greenish-gray; calcareous at top) | 

NC DOLLG OA 2". Slo-cpa cts ey wiepe cade aa oie gee eieene 1 9 |1693 8 

Limestone, fine-grained, very arenaceous, 

cherty, pyritiferous..... bosnestaeancess5 5 4 1698 

‘Wiasted. (Cone, <25 ici leis cl uitsses tein se ieee | 2 1700 

Sandstone, very fine-grained, argillaceous, 

calcareous; resembles cotton rock........ 1 6 1701 6 

Burlington and Keokuk limestones: | 
Limestone, light to dark-gray, shading in 

places to bluish and brownish-gray; crys-| 

talline, coarse to fine-grained; cherty,| 

the chert usually of light color and fossilif- 

erous; stylolites common, and usually 

showing a thin film of bituminous material F 

contains five dark shale beds up to 19, 
inches thick and many thin, dark, shaly 

partings; fossiliferous........... os cet, 45 Oa hee 
Limestone, coarsely crystalline, showing a 

peculiar white silicious matrix in which 

are embedded large and small brownish 

Ouleite ‘Crystals, . =. «.c)/<i5.2 sini iehenenaeaiereteeiete 7 (1747 4 

Limestone, similar to that between 1701-6 

rete it We See cli Seu Oe aod dogo cw 12 8 (1760 

Limestone, light-gray, medium to very 

coarsely crystalline, fossiliferous, including 

large crinoid stems; stylolites prominent. 

A few dark, thinshale partings; 214 inches 

of finely laminated soft dark shale 1 foot 

from top. Chert occurs at intervals and . 

in places is partly decomposed.......... 33 4 |1793 4 

Limestone, light-gray, fine-grained, arena- : 

ceous, argillaceous; porous, especially near ; 

middle and toward the bottom. Fossilif- 

erous. Contains chert, some of which is 

decomposed; stylolites abundant in upper 

DEQ ioc) Olepaceaenteieisuetel as Sretaaits daeere capagete See 6 8 1800 

Limestone, light buff-gray to gray, dense to : 

coarsely crystalline; contains thin shale . 

laminae in places; toward bottom becomes . 
porous, arenaceous dolomitic, cherty, fossi- 

EE 

—— 

IMGrOUA’. bie nintelni mie we Sins ka tabelly tenuate uo 1 /|1810 1 | 

Limestone, light buff-gray, fine-grained, 

BTONACEOUB 2). 6 6s wan ae aie ek alee fle Sie 3 7 |1813 8 4 

Wasted Core... . psec espe cece ere eneeeee 7 5 |1821 1 4 

| 
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Mississippian series—Continued. 

Kinderhook group2: 
Dolomite or dolomitic limestone; light-gray, 

porous, earthy, argillaceous, fossiliferous. 

Thin bands of chert-which are usually 

fossiliferous. Few thin bands of dark- 

gray to almost black shale. Contains 

occasional large crystals of calcite one- 

half to three-quarter inch in diameter, and 

@) LEW ViSLNIS! Obey AGO rec we) seer epe) seen els ne) = 15 8 |1836 

Dolomite, gray, crystalline, fine-grained... . 4 |1837 1 

Chert, light and dark-gray, containing vugs, 

knife-blade seams and isolated crystals of 

GRICHIOS oso ouosao bo opeadoeoDOoo CMO SOO 1 9 1838 10 

Limestone, gray, coarsely crystalline; very 

fossiliferous, especially along the bedding 

planes; bedding planes are very irregular; 

SAMO cot ocaopoonaocucetomnoondoodu. 1 

Limestone, bluish-gray, coarsely crystalline; 

very fossiliferous; stylolites whose surface 

is coated with black and green shaly 

maGkicneil. ~RoacopooogdonuBoD dopo O Se bonS 5 9 |1845 9 

Limestone, light-gray, rather earthy, having 

the appearance of decomposed chert; fossil- 

bo 1840 

Q in (} Wy ct to 11 1848 8 

Limestone, dark-gray, hard, dense, fossilif- 

erous, alternating with a light-gray, almost 

white, porous, fossiliferous rock, resembling 

decomposed chert. The white rock is 

3 feet 8 inches thick. Near top of bed 

contains black partings and some calcite. 

Chert. Very thin dark shale bands occur 

ralinals libea\eNowleya nog poop oncoDoooooedn ao 29 8 |1878 4 

Limestone, light to dark-gray, fine-grained, 

compact, in places with shaly partings; 

iaysMlUbRIKOWI An congo neon Once OC OOrA GO OeL 6 2 |1883 + 

Limestone, light brownish-gray, hard, dense, 

fossiliferous, mostly very fine-grained: 

contains a few irregular carbonaceous 

Shale seams and large masses of secondary 

calcite crystals...... diaaneoedo odd 4 00 man 3 10 /|1887 2 

Limestone; the upper 1 foot 5 inches is 

coarse-grained, containing streaks of dark- 

brown shale, giving the rock a banded 

appearance. The next 1 foot and 6 inches 

is much more shaly and has a darker color, 

also a striped appearance. The next 9 

inches is fine-grained, resembling cotton 

rock. The remainder of the bed is chiefly 

coarsely crystalline, light-gray, and has a 

slightly streaked appearance due to vary- 

ing amounts of dark shale and bituminous 

allay include other beds below 1800 feet. 



234 

LOG OF DIAMOND DRILL HOLE ON 

FOREST CITY, MISSOURI. DRILLED IN 1901—Continued. 

W. F. DAVIS’ 

STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

FARM NEAR 

Mississippian series—Continued. 

Devonian (?)4: 

Stratum. 

Kinderhook group—Continued. 

matter. Fossiliferous. Shale becomes 

more prominent toward the base, the bed, 

passing to a shaly limestone, then to al 

calcareous shale, and grades into the 

shale below. Shaly portion of bed con- 

tains thin black markings of organic origin) 

Shale, dark-blue, calcareous at top; fossilif-| 

erous and pyritiferous; contains black; 

markings like above, also large brownish) 

IMATEIN PS es cous terletete eve a chalets ite: ate er aneinterstees 

Shale, blue-gray, calcareous, fine-grained, 

sandy, pyritiferous; the amount of sand 

increases toward the base; fossiliferous.... 

Shale, dark-gray to sandy with a granular 

éolitic texture; slightly calcareous....... 

Shale, blue-green, slightly arenaceous; numer- 

ous narrow black impressions at partings 

which are probably fossil plants; grades 

InGbO) Bale wDOlLO Wis eictelel ole leteielotereisiaie ls EOS 

Shale, purple, texture uniform through- 

out; in the lower part occur a few thin, 

dark-brown, bituminous, odlitic streaks 

less than an inch in thickness...... Soca6-2 

Hematite, dark-red, flat odlites resembling 

typical ‘‘flaxseed’’ iron ore....... 7 aS 

Hematite, dark-red, harder than above; 

not odGlitic, fossiliferous...............- 

Shale, bright-green, slightly arenaceous..... 

Shale, bluish-gray; pyritiferous. A thin 

darker clay band at 1973, gradually be- 

comes more calcareous toward base, and 

contains a number of bands of hard, blue, 

fine-grained, argillaceous limestone, rang- 

ing from 1 inch to 1 foot in thickness; 

lower 6 feet less calcareous.............. 

Shale, gray, calcareous, with earthy texture; 

very fossiliferous...... ER scr tee BORIS ake 

Shale, bluish-gray, calcareous; becomes a 

dark-gray and arenaceous at the base... 

Limestone, dark-gray and brown, conglom- 

eratic, hard, dense, mottled. At the top is 

linch of conglomerate composed of rounded 

to angular fragments of limestone, but 

slightly lighter than bed on which it rests. 

Fragments embedded in shale like above. 

The lower portion consists of dark-gray 

fragments embedded in a brown earthy 

limestone matrix. The fragments contain 

quartz-lined cavities, probably corals... .| 

a Correlations below 2041-1 by E. O. Ulrich. 

Thickness. 

Fi. 

26 

21 

64 

15 

2 

in. 

10 

10 

Depth. 

Ft. in. 

1913 11 

1920 

1923 9 

1923 10 

1932 2 

1953 5 

1957 1 

1957 6 

1960 

EE = ee 

——— sO 

ee 
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Devonian (?)—Continued. 

Limestone, dolomitic or dolomite, dark 

brownish-gray, containing small cavities, 

uniformly distributed; pyritiferous...... 

Limestone, light brownish-gray, fine-grained, 

having an earthy texture resembling a 

COUUOM HOCK o comoacedonoobDODDUDOoNOODS 

Limestone, gray, medium-grained, semi- 

erystalline, porous, dolomitic?.......... 

Limestone, light and dark-gray, mainly hard 

and dense, with porous semi-crystalline 

layers alternating with beds of a light 

brownish colored limestone having a 

cotton rock-like texture................. 

Limestone, having a conglomeratic aspect; 

resembles closely bed between 2041-1 and 

POZE HMIl 5 og ooo man on ole eed. oo. wo Condo” 

Shale, dark bluish-gray, calcareous, having! 

a spotted conglomeratic appearance at the 

top and the bottom; texture earthy; very 

fossiliferous at the top and bottom; pyritif- 

Upper Devonian: 

Limestone, dark-gray, very  fossiliferous, 

texture earthy as a rule; shale partings... 

Limestone, brownish-gray, fine-grained, fos- 

siliferous; bituminous along the wavy 

shaly partings. Very hard and dense in 

places. Texture in some parts resembles 

that of cotton rock. A two and one-half 

inch band of shale occurs at 2083-8........ 

Limestone, light-gray, in part crystalline; 

medium-grained........... Dhoneconaoos 

Limestone, dark-gray, chiefly compact, hard, 

dense, partly crystalline; somewhat of a 

lithographic texture; bedding irregular. 

Stylolites abundant in some places. Clay 

partings give the stone a striped appear- 

ance, especially near the top............ 

Limestone, white, earthy, semi-crystalline; 

much softer and more porous than the last 

Limestone, hard, dense, semi-crystalline, 

with wavy shale partings; has somewhat 

the texture and appearance of lithographic 

MOMs so s00p0000000000 Oo MOO O OAc como.c 

Limestone, light-gray to bluish-gray, showing 

wavy shale partings in places. Lower and 

upper portions are hardest and most com- 

pact and have a bluish-gray color. A small 

portion of the bed has a dull gray color 

and an earthy texture..... SO Sete 
Limestone, light brownish-gray, hard, dense, 

containing thin, wavy, black, bituminous, 

Fi. in. 

5 11 

17 4 

Fl. 

2045 

2047 

2047 

2052 

2056 

2062 

2080 

2100 

2108 

in. 

On 
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» LOG OF DIAMOND DRILL HOLE ON W. F. DAVIS’ FARM NEAR FOREST 

CITY, MISSOURI. DRILLED IN _ 1901.—Continued. 

] 

Stratum. Thickness. Depth. 

> Ft. in. Ft. in. 

Devonian—Continued. 

Upper Devonian—Continued. 

shaly partings, giving the rock a banded 

AD DSALTANCE tars sea yemenaiatevoise yore teeieyeraeienema tes if 7 |2109 10 

Limestone, light to bluish-gray and brown- 

ish, hard, dense, semi-crystalline, with 

several’ thin dark-greenish shale bands.... 10 2 |2120 

Limestone, light to dark-gray; semi-crystal- 

line to hard and dense. Some stylolites 

with green and dark shaly material; wavy, 

Bhaly, Parting). «scneveceeuele clelnieeleteletartalebetale 14 6 |2134 6 

Middle Devonian: 

Dolomite, porous and crystalline, between 

2134-6 and 2136-6 and 2143 and 2145-4; 

separating dolomite is limestone similar to 

VON Ano oo OU OOo Ue OOS ao acc a4 11 8 |2146 2 

Dolomite, gray, finely crystalline and dense 

to earthy, with beds near top and middle 

MEL Yn ED OLOUS epee aise nteieie a cneieapenenciaie mvabeystaies a 13. 10 (2160 

Dolomite, very dark gray, finely crystalline, 

porous in places; contains large vugs of 

GaIeLbe: <j). ,< =< MO on UT RELA en 5 4 |2165 BS 

Dolomite, dark-gray, calcareous, dense; has 

shaly bituminous partings....... aiaoctatfatias 2 10 |2168 2 

Dolomite, somewhat calcareous; cavernous 

near the base but dense and compact 

at the top..... anioons ROS SD oS 1 4 |2169 6 

Limestone, light to dark-gray, brownish 

in places; slightly magnesian, compact, 

dense; contains three bands of green 

GalGareaQus AHGICs oars iiss erciels aun soa eteieie ke 10 8 |2180 A 

Dolomite, dark-gray to greenish-gray, finely - 

erystalline; porous and cavernous at 

several different horizons. At the top of 

the section the color is almost brown. 

Contains several shale bands............ 27 2207 4 

Dolomite, light-brown, chocolate and bluish- 

gray, hard. Porous and cavernous in 8 

places. Somecavities are one and one-half 

inches in diameter and lined with dolomite 

and calcite crystals, the former pre- 

dominating. Has a finely-crystalline tex- 

ture. In many places around the cavities 

the rock has a yellowish or buff-colored 

appearance indicative of weathering..... 20 4 |2227 8 

Dolomite, light bluish-gray, very porous, 

finely crystalline; contains calcite and 

dolomite crystals........ sie pmo ee aaa 2 4 |2230 

Dolomite, light bluish-gray, with a finely 

erystalline texture, somewhat porous at 

GOD ns. trbeepherstce fs eocleeier ea ae 1 «8. |2230h as ‘ 
Dolomite; feray, .GRerty. ac c.ciaaieatsre atelens foe 11 |2232 7 

Chert, partly decomposed and chalky in 

BPDSSTANCE ire clients cess wr only) ae wiles 1 8 |2234 3 
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Stratum. Thickness. | Depth. 

Fit. in. Fl. in. 

Devonian—Continued. 

Middle Devonian—Continued. 

Dolomite, brownish, medium-grained, 

thoroughly crystalline, very porous, cavities 

up to one and one-half inches in diameter, 

which are lined with crystals of dark- 

colored dolomite. One foot is almost all 

secondary dolomite, there being one 

4-inch streak of solid dolomite. The 

bedding planes are very irregular and 

rough and frequently coated with a thin 

film of bituminous or carbonaceous matter. 

The lower part of the bed contains finer 

pores and has a light-buff color.......... 22 6 |2256 9 

Dolomite, gray, finely crystalline, compact 

and hard, slightly porous at the base..... 1 7 |2258 4 

Dolomite, light-brown, very fine-grained, 

argillaceous; contains an occasional shaly 

parting plane. Has a typical cotton rock 

appearance throughout. Has a large 

cavity containing dolomite crystals at 

PPAR, aod ag Combe GS OU Ba OOo ho nie Soros se 34 5 2292 9 

Dolomite, brownish-gray, dark, resembling 

in texture the cotton rock described above 1 9 |2294 6 

Dolomite, dark, finely crystalline, increasing 

in porosity toward bottom; cavities be- 

come more numerous, fossiliferous....... 4 4 |2298 10 

Dolomite, in part having the appearance 

of cotton rock and in part crystalline; 

more or less porous throughout. Wavy, 

shaly parting planes. Stylolites. Six 

feet seven inches from the top is layer one 

and one-half feet thick of white, dense, 

hard dolomite, resembling quartzite; dis- 

solves slowly in acid. The cavities in this 

bed are frequently lined with dolomite 

crystals. This white, dense, crystalline 

dolomite also occurs in less quantity at 

other levels in this bed; cherty in places... PALL 2 |2320 

Dolomite, light-gray to whitish; resembles 

cotton rock, cherty at middle.......... 12 3 |2332 3 

Dolomite, gray, hard, dense, alternating 

with thin plates of shale; becomes harder 

toward the base and at bottom is some- 

Wiha hi DOLOUS sc ayatsis aishersjetaisi= chat SeeHeAe SS 3 2 |2335 5 

Dolomite, very dark, grayish-brown, medium- 

grained, crystalline, cavernous, the cavities 

being lined with dolomite crystals. The 

upper one and one-half feet have a con- 

glomeratic appearance....... ata tanta es uf 6 |2342 11 

Dolomite, light brownish-gray, fine-grained, 

crystalline; contains cavities at top and 

bottom, compact and hard........... shee 5 2 |2348 r 
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LOG OF DIAMOND DRILL HOLE ON W. F. DAVIS’ FARM NEAR FOREST 

CITY, MISSOURI. DRILLED IN 1901.—Continued. 

Stratum. Thickness.,; Depth. 

F Ft. in. Ft. in. 

Devonian—Continued. 

Middle Devonian—Continued 

Dolomite, light brownish-gray, very cavern- 

ous, crystalline; cavities lined with dolomite 

OLY Atalsicra cieretexciolers Sposgcon conse hasdces 1 2349 1 

Dolomite, light brownish-gray, fine-grained, 

compact; thinly laminated and shaly at) 

base where it breaks into thin plates. 

Partings dark and bituminous. Chert at top 4 1 |2353 2 F 

Dolomite, light-brown, fine-grained, crystal- q 

line; very finely porous throughout and 

contains occasional larger cavities irregular- : 

Lavan btpnally bers lee nig dud aao eho Ooo on Se 4 2 |2357 4 . 

Dolomite, light grayish-brown; very Heeiy 

and porous, especially at base. Siliceous ; 

at base. The cavities are lined with small j 
QUATtZ ORV AUAIS cverelercielelersietstcis ciel ters ni 3 1 4 |2358 8 

Dolomite, light grayish-brown, dense, com- 

pact, finely-crystalline.........scscce5- 2 10 |2361 6 

Dolomite, very porous, siliceous........... 9 |2362 3 

Dolomite, light brownish-gray, fine-grained; 

contains quartz druses................-. | be 2 |2364 5 . 

Dolomite, bluish-gray; contains quartz lined ( 

cavities and irregular masses of chert..... 8 |2365 1 

Silurian (Lockport group of Niagaran series) : 

Dolomite, bluish-gray, crystalline, contains 

numerous cavities uniformly distributed 

throughout. The crystals lining the 

cavities are chiefly dolomite, although 

some are calcite. Very fossiliferous; casts 

of crinoid stems abundant......... toeael, S4 DH 12200 

WiASEEG! (CONG oi ja a sene orm alel mia aetale ns Sco otoe: 6 |2400 6 

Dolomite, bluish-gray to brownish; very 

porous and cavernous. Thoroughly crys- 

talline. Fossiliferous, casts of crinoid 

stems being very prominent. Large 

masses of calcite crystals at several levels. 

One bed contains thin bands of green shale. 

There are also thin bands of hard, dense 

dolomite, but very slightly porous, in- 

creasing toward bottom......... Saisie 35 8 (2436 2 

Dolomite, dark-gray, more dense and com- 

pact than above, crystalline, less fossilif- 

Cie) tee COO GC taken Ba OC Oko ras. 3 10 |2440 

Dolomite, bluish-gray, hard, finely-crystal- 
line. Porous throughout, becoming less 

so, however, near the base. Cavities an 

inch to an inch and one-half in diameter 

ooour iat) intervals. 6 6.5 </c'sj= © sein, alee atieeie 11 6 |2451 6 

Dolomite, bluish-gray, finely crystalline; 

similar to the above but denser and 

harder; contains stylolites and a little 

shale along the parting planes. Fossilif- 

OLOUB. .c.5.6 bein nie's'a' viele ode o\nlale elolelels eis eine 3 6 |2455 

i I 
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Stratum. Thickness. Depth. 

Hite Tes | Ee eae 

Silurian (Lockport group of Niagarian series) Continued. 

Dolomite, shaly, having a conglomeratic 

BpvCeemGe eect ucecontceece mecconeees 1 2456 

Dolomite, bluish-gray, hard, dense; stylolites ;| 

Worn Der Gearing aseacconeocéaccoeccee 

Dolomite, bluish-gray. finely crystalline, con-| 

taining numerous small scattered cavities;| 

stylolites occur throughout, fossiliferous: 

two feet four inches from the top there is 

a four-inch layer of hard, dense compact 

Golomite.........--. ofeocccce BOOOORC EC a 7 |2465 7 

Dolomite, similar to the above but less| | 

porous, except toward the base, where the) | 

cavities are practically as numerous...... 7 4 \2472 it 

Dolomite, argillaceous. Very irregularly! 

bedded; has a conglomeratic appearance,| | 

due to angular chert fragments. Contains 

several thin irregular layers of black| 

pyritiferous, carbonaceous shale........- | 5 9 |2478 8 

Dolomite, light bluish-gray, hard, dense... .| 2 |2480 8 

Dolomite, light-gray, compact; somewhat | 

argillaceous, banded with a few horizontal) 

shaly partings from the eighth to the 

twelfth foot. Slightly specKled at about 

the thirteenth foot. Contains but few 

cavities. Fossiliferous. Resembles cotton 

rock. ‘The bedding planes are frequently| 

to bo rs i v4) 

discolored with bituminous shaly matter. . 18 4 |2499 

Dolomite, brown, hard, somewhat porous; 

ROME MOSSES ntsts ote eters teteretolsiers sts oe che cia 1 |2500 

RECORD OF STRATA IN CORE DRILLING AT MARYVILLE.! 

(Altitude of surface at curb, 1051 feet.) 

Pleistocene series: Fl. in. Ft. in. 

Clay, sand, and a little gravel............. 50 50 

Soft shale (probably glacial clay).......... 120 170 

Pennsylvanian series: 

Shawnee formation: 

Tecumseh shale: 

Shale, dark, argillaceous, growing calcareous 

min OVINE pelecECCAroorCOR lL Ons coe toce- 1 iH G3 

Shale, drab, highly calcareous, compact like 

TEM CSLONIC Race dejaveira ayeval a7 eC te ome ropec ewes 5 176 

Lecompton limestone: 

z Limestone, argillaceous, somewhat granular} 10 186 

Limestone, dark, coarse, hard, with shell 

fragments, argillaceous......... aetna eas 4 190 

1Drilled in the year 1888, 1% blocks north of Burlington depot (NE. 4% 

SE. 4 sec. 17, T. 64 N., R. 35 W.) Core examined and tested with acid by 

Arthur Winslow and record made by him. 
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RECORD OF STRATA IN CORE DRILLING AT MARY VILLE—Continued. 

Stratum. Thickness. | Depth. 

Pennsylvanian series—Continued. Fi. in. Ft. in. 

Shawnee formation—Continued. = 

Kanwaka shale: 

Shale, black, slightly calcareous, grading 

Shale, dark, very fine and smooth-grained, 

argillaceous, growing calcareous towards 

pottom Sjakec ase ekraelae Sere: 7 216 
Douglas formation: 

Oread limestone: ; 

Limestone, dark, earthy, and coarse, with 3 

: 

into limestone at bottom..... SAPO Gee 3 193 

Shale, calcareous, fine-grained, grading into 

dark shale toward bottom.............. 4 197 

Limestone, dark, drab, coarse, somewhat 

granular, with'fragments.. 5... ....o8e-< 2 199 | 

Limestone, white, compact, hard, clinking. 4 203 

Shale, dark, somewhat sandy, micaceous, not 

calcareous, grading into next above...... 6 209 

Shell fraemVents'..<)<)x sie ct-nenel -vencueneieie enekekerene 2 218 . 

Shale, dark, smooth, non-calcareous. a 5 6 223 6 

Limestone, white, coarse, hard, with eer 

streaks and shell fragments............. 10 6 234 

Shale, dark, argillaceous.......... paegetetetens 3 234 3 

Limestone, white, coarse, with fragwens 

dark streaks like second above, semi- 

crystalline and fossiliferous............. 10 9 245 

Shale, dark, argillaceous, non-calcareous... 4 249 

Shale, drab, somewhat arenaceous, slightly 

CAlCALGOUBs. <)cur.chee elects ence Ceres Soot : 1 250 

Shale, dark, argillaceous, slightly Saleeruane 2 252 

= Limestone, drab, shaly, grading into calcareous 

FIG | Saleh-| al ate eichereh eens ate rAveaviariay otal al at/atpeerwnte 3 255 

Lawrence shale: 

Shale, drab, soft, clayey, calcareous........ 9 264 

Shale, red, concretionary, calcareous and 

argillaceous, with drab bands........... 12 276 

Shale, drab, argillaceous, and calcareous... 1 277 

Limestone, drab and dark, with flint, very 

hard, with calcite crystals....... stated iter 1 278 

Clay, dark red, argillaceous and calcareous, 

solid red upper 4 feet, lower 2-3 streaked 

with drab clay shale, the latter prepon- 

derating near Dotto. wuncie ss eieete ote bei 12 290 

Shale, arenaceous, slightly calcareous, with 

fine mica scales, pyritiferous............ 5 295 

Sandstone, coarse, rough, micaceous, and 

Caléareous’. \c-crats wo derek ees Ree eee 2 297 

Shale, dark drab, argillaceous, non-calcareous, 

bituminous near the bottom...........- 9 306 

Gall a0 jsirejcie core ern, sie IANS eee en 3. \| "S06, = 2 
Shale, drab, argillaceous...........eeee00: 4 9 311 

Shale, red, clayey, too soft for core (no 

BPEBIMER) Ss [ore 6, ie Melos ek a we eS we ee vue 4 315 

Shale, drab, argillaceous (no specimen).... 8 323 

Shale, drab, somewhat arenaceous, argil- 

laceous, non-calcareous, slightly micaceous! 27 850 
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RECORD OF STRATA IN CORE DRILLING AT MARY VILLE—Continued. 

Stratum. Thickness. Depth. 

Pennsylvanian series—Continued. Fl. in. Fl. in. 

Douglas formation—Continued. 

Lawrence shale—Continued. 

9 Sandstone, or sandy shale, drab, mica- 

ceous and non-calcareous with argillaceous 

DOMME Goodaacooconccs soobonSeosnooE 11 361 

Shale, drab, arenaceous and argillaceous, 

with miea, non-calcareous, arenaceous like 

above in places...... ooonoumoodesoboaos 22 833 

Shale, drab, argillaceous, non-calcareous.... af 390 

Shale, drab, calcareous, rough and concre- 

tionary in places, gritty and greenish near 

bottom, with pyrites................... 13 403 

Shale, red, argillaceous, non-calcareous..... 2 405 

Shale, drab, argillaceous, non-calcareous, fine 

WNC oon coocougnaachoonoGococgouEH . iG 412 

Iatan(?) limestone: 

Limestone, gray, hard, fossiliferous, semi- 

eryStalline. .-..-... soccodcooD Cos oooNOS 4 416 

Weston(?) shale: 

Shale, drab, argillaceous, mnon-calcareous, 

black shale at bottom, with some indica- 

tions of coal...... nbebbcooedsoncane p08 38 454 

Lansing formation: 

Stanton-Plattsburg limestone: 

Limestone, dark drab, compact and rough, 

GERI, so pogo hoop OM ao oc nOnOoODDDOE OOO 4 458 

Shale, drab, calcareous, argillaceous........ 3 461 

Limestone, white, very hard, compact, clink- 

WME ae ooaaeMepoleadcaogoascenaosgoSsLOnOss 3 464 

Limestone, drab, compact, more earthy..... 9 473 

Limestone, drab, very hard, fossiliferous, 

Semi-crystallimerey-pateranaielclneyatsiel caaleietele-rel-n- 2 475 

Shale, drab, argillaceous, and calcareous (no 

TOKE ANIA oi Giga CO ORO. OOo Saeed oonban. 4 479 

Shale, black, bituminous, calcareous....... 2 481 

Shale, gray, calcareous, rough............. 1 482 

Limestone, dark, flinty, hard.............. 5 487 

Shale, dark gray, sandy, calcareous........ 1 488 

Limestone, gray, coarse, shaly............. 2 490 

Shale, dark gray, argillaceous, non-calcareous, 

passing into calcareous shale at bottom.. 1 491 

Limestone, white and gray with a little 

white chert, hard, compact.............- 12 503 

Lane shale: 

Shale, light and dark drab, argillaceous, and 

caleareous, fossiliferous................. 10 513 

Limestone, gray, compact, hard, shaly, pass- 

Imienimponshialei ses: = sisi 2 cierercete nooo amos 2 515 

Shale, dark drab, argillaceous and cal- 

CREO. ono boson ooosnenoade poccesceans 10 525 

Limestone, nodular, with shale............ 10 535 

Limestone, white, compact, earthy (with 

next above probably Farley limestone 

Wea) Manresa oppo ood seauat oon Hooedecosomn 7 542 

G—16 
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RECORD OF STRATA IN CORE DRILLING AT MARY VILLE—Continued 

Stratum. Thickness. Depth. 

Fl. in. Fi. in. 

Pennsylvanian series—Continued. 

Lanting formation—Continued. 

Lane shale—Continued. 

Shale, light drab and dark gray, argillaceous, 

calcareous, passing into shaly limestone in 

the last two feet. ............ PO EOS One 25 567 

Kansas City formation: 

Iola limestone and Chanute shale: 

Limestone, drab, hard, coarse-grained, semi- 

crystalline....... SP Aiyaadoacarc Boo oma Ons 10 577 

Shale, drab, argillaceous, and calcareous... . 5 582 

Shale, black, bituminous and calcareous..... 2 584 

Shale, drab, argillaceous, calcareous, rough 

INjPIAGEAs cretetel men at eroherehe rere Soi Qoob oie 9 593 

Shale, light gray, calcareous, more of a lime- 

stone, seamy......... OOOO SoCo s cc 5 598 

Limestone, light gray or white, compact.... ot ; 602 

Shale, light drab, argillaceous, calcareous... . 6 608 

Limestone, light drab, hard, compact....... 3 611 

Limestone and drab shale, more shale at 

BOLtLOnt es ate aes SSAgasoaC9 CEST RC ACh 3 614 

Shale, dark, bituminous, caleareous........ 2 616 

Drum limestone: 

Limestone, dark, hard, semi-crystalline.... 4 620 

Cherryvale shale: 

Shale, dark, argillaceous, calcareous........ 10 630 

Shale, dark, argillaceous, calcareous, streaked 

with seams of imestone. ............. oA 10 640 

Limestone; dark; granular,..c </30) seis sate eee 3 643 

Shale, dark, hard, calcareous, argillaceous 

MGAL DOLEOM cise. 11a = aietolieteme las) vee Maoh 8 651 

Winterset limestone: 

Limestone, white, compact, and crystalline! 8 659 

Limestone, drab, more compact than last 

and very hard... 7. ~pcces sie crake dese areinte 20 679 

Galesburg shale: 

Shale, black, bituminous, calcareous....... 4 683 

Shale, dark drab, non-calcareous........... 2 685 

Shale, light gray, slightly calcareous........ 8 693 

Bethany Falls limestone: 

Limestone, gray, compact, very hard....... 19 712 

Ladore shale: 

Shale, black, bituminous, slightly calcareous a 713 

Limestone, drab, compact, shaly, argil- 

laceous:inoweripartsicic.si cm oe cinielnnie 4 717 

Shale, clayey, slacks readily, slightly cal- 

careous..... ts a ama ata ww fale a ae rebate oe 5 722 

Hertha limestone: 

Limestone, white, gray, very hard, compact 6 728 

Pleasanton formation: 

Limestone, reddish, sandy, friable spots..... 2 730 

Shale, dark, argillaceous, barely calcareous. . 1 731 

Limestone, reddish, sandy and ferruginous 

like second above. ............-. a nctels (hives 6 737 
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RECORD OF STRATA IN CORE DRILLING AT MARY VILLE—Continued 

Stratum. Thickness. | Depth. 

Pennsylvanian series—Continued. 

Pleasanton formation—Continued. | 

Limestone, drab, compact, granular....... 3 740 

SHAEHIE), loleKelic, loniiblaMnaVobis|, 5555546550050 0000e 2 742 

Limestone, nodular, some shale, slightly | 

DYEbITELOUB ns | | Bic cnets atoms Spica tescanowe 11 | 753 

Shale, arenaceous, a little mica, non-cal- | 

CEHOOWS os osoanoDoo goons oooucogssanoes 14 767 

Limestone, drab, compact, smooth, some- 

Wile CEMA. S64 005 sO emo oD Oe Ue oOo 7 | 774 

Shale, drab, slightly argiutaceous, arenaceous, | 

fine mica, non-calcareous. ..2..-.+-c.:+- 6 | 780 

Limestone, white, hard, semi-crystalline... 4 | 784 

Shale, dark, argillaceous, slightly calcareous. . 2 | 786 

Shale, drab and greenish, argillaceous, cal- 

careous in places and occasional limestone 

BRC cu blag one tater detarem eaten er see opener aiseeto ne fer aoc shes racic 13 799 

Limestone, white, and ferruginous from 

JON CIs AHO LE Se ent GInoIcre a eeemiond ect esencp er Dott 1 

Limestone, shaly and brecciated........... 3 803 

Shale, greenish, argillaceous, non-calcareous. 6 809 

Limestone, drab, hard, compact, granular... 1 810 

Shale, greenish drab, argillaceous, non-cal- 

CHHOOQUBs catctocouDu Cc ou obNCODe REO HOO EO 10 820 

Shale, reddish, mottled, argillaceous........ 7(?) 827 (?) 

Shale, drab, argillaceous, slightly calcareous 

and micaceous near bottom............. 9(?) 836 

Shale, drab, argillaceous, somewhat 

arenaceous near top, non-calcareous, mi- 

caceous; lower portion drab, calcareous, 

insonatalhys Crain AISA Nog Gon oon aoe Ge aoe o 10 846 

Henrietta formation:! 

Limestone, granular, somewhat argillaceous. 5 851 

Shale, drab, somewhat arenaceous, mica- 

COW Godson eccogdoocHamoDeDoDoReOcuSE 11 862 

Shale, argillaceous, growing dark towards 

NOMS SrHoodoundaohsododooovonoueaead 13 875 

Limestone, coarse, granular toward bottom 4 879 

Shale, dark, argillaceous, and very effer- 

vescent, granular calcareous streaks in 

MEO oeoan Sher wae FAO enon BOO Roe e 15 894 

Limestone, drab, argillaceous, fine-grained, 

COMME S Ooo HOnONOoD Odo DUD OUOsODONOnD 6 900 

Limestone, drab, coarse-grained, not crys- 

TEFEN OKES SB Geen tucson clgos Gr cree wins Dee 3 903 

Limestone, light gray, finer-grained than 

LEXY UD OME erates eyiceot untae tela she ste oncvenehererai aaa ee 2 905 

Cherokee shale: 

Shale, drab, argillaceous, caleareous........ 26 931 

Shale, drab, arenaceous, micaceous_ cal- 

careous approaching sandstone in places 12 943 

1Determination of contact tentative. 
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RECORD OF STRATA IN CORE DRILLING AT MARY VILLE—Continued. 

Stratum. Thickness. Depth. 

Fl. in. Ft. in. 

Pennsylvanian series—Continued. 

Cherokee shale—Continued. 

Shale, drab, arenaceous, micaceous, non-| 

C&ICGATGOUB aterctei leis eleto ois ei aieietareloisie rel ierete 15 958 

Shale, drab, argillaceous, non-caleareous... SsNeeadt is | 973 

Shale, drab, slightly arenaceous, and cal- | 

CATCOUBS ..F oie tos < Sees ete OER ene eee | 985 
Shale, drab, argillaceous and slightly arena- 

ceous, mostly non-calcareous............ 18 1003 

RECORD OF STRATA IN CORE DRILLING NEAR RAYTOWN:.! 

Stratum. Thickness. 

Pennsylvanian series: 

Kansas City formation: 

Chanute and Cherryvale shale: 

Shale, light, calcareous: <5. 5). oenren.cte nts alee 32 32 

Limestone...... SOD mes Uomo Op Ol oom a 2 34 

Shale, Dl rss wate al eosin erage Sata ee eee 17 6 51 6 

Winterset limestone: F 

PAIIMNORLONE =, sai e «hale oie ais wiser Micro nol aie ern oiensnene 15 3 66 9 

Galesburg shale: ‘ 

SHale; Slay y- ors cncha ot oveteqetel Movols ei ie eae oat eee 3 2 69 11 

Bethany Falls limestone: 

PAIN OBLEOMO Pi vevavarsravevs yas eae fates eats separ yroke 22 9 92 8 

Ladore shale: 

Shale palatyier a7: ccaccale als severe cictoeet tenia ee Nenete re 4 wf 97 3 

Hertha limestone: 

ibe ston on Shoe soma oe Doty oe aoe see 15 112 3 

Pleasanton formation: 

Shale; some parts eritty..<tcs «<6 occ me = ee 94 9 207 

(Clete os Ao cCna comico ogo sooo toe 2 207 2 

Shale, some parts gritty... - 25s cites eee es 61 3 268 5 

Henrietta formation: 

DaLIMGSCONG ap aica is, aiet ota) aaa al ais anes aera eae ee a 8 cd 277 

Shale; BlAUy. ouaerstev ais ierelecsteteletetal scares vis ieierateere 11 288 

TALMGSETONE srs eae wise Sila Cie eiese e Sieie eel eee ee 4 292 

oS oT eee a RAC La Te nth Se Me TL, 10 292 10 

Coalivicnc os seickiclns pote aie > tein en 1 6 294 4 

Fire clay: WaT. sie, o amceieie ate annie a eens 5 8 300 

LAimMestoneinniae seis wish esi als ia a tei anaes 5 305 

Shalo, slaby od cise ae ~s Vs aoe s Seb eee 14 2 319 2 

Lamestone 2s) sodas = Ss & A ne on ee 4 3 323 5 

Cherokee shale: 

BUIBES oo 5, 5.5.00 6 whe wTe ls 68x ela We ee eee 1 324 6 

Cosll io uf =>) & "46 "scare i 2 325 8 

Slate.... (Lexington): |) .i+c ci atic et sees 8 326 4 

Goals ca) ot = —o 1 Edie  eiontinns 9 327 1 

1Ten miles southeast of Kansas City (sec. 7, T. 48 N., R. 32 W.). Drilled 

in 1886. Record furnished by S. J. Hatch. 
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RECORD OF STRATA IN CORE DRILLING NEAR RAY TOWN—Continued. 

Stratum. Thickness. Depth. 

yt Ft. in. 

Pennsylvanian series—Continued. 

Cherokee shale—Continued. 

IDMAAHCMBS oocdcboonceccoor or our non 12 9 339 10 

SMS, shochs thoes didvyotdooonesocoOuone 12 2 352 

Limestone, hard (‘“‘Rhomboidal’’).......... 3 6 355 6 

SHEN; TOHEAGIRS os tonacgcagnoscapoeeaboesece 3 358 6 

Coe)! (Stina) oo eseocecupooceseoopueauac 1 3 359 9 

inte) GER sop abo bosodosanonebonoAnooeooS 4 2 7 362 4 

TAINO =o so 000s06ConoeCoOneDODOnOOOES a 1 369 5 

SIMS. soagc oc ooeeaodoopomUNe oo gsonODoOS 4 373 5 

ILA PHCMAs oecooondoceaooonD aH eenonoo eds 4 3 377 8 

fe oo.d 5 ao gee pO dicin oo pio oe olo-c.d'd Holo drop Gto 3 380 8 

Coal (GMimlianyis 55 ostosccnoncocesoneoodode 1 381 8 

INbe) GER > oad sn oodoopoee nD OunOOMOn OUND UD 5 8 387 4 

SOMCINIOMO>s oGaccotocadedodepsdobdobodess TEL (0) 399 2 

Sandstone, streaks of slate or shale........ 32 3 431 5 

Slee MEN. sao ogcnatoaHpouCOUpDOOUOOoGOS 15 4 446 9 

SH eas OEMS. ps cooncomoeconcadoupouDcd 5 6 452 3 

COR (BENE) ooo oodoooonegeodoudooaDHNTce il 8 453 11 

Sige QiaGl SEK. coonosddcaooedosdoeooodEe 49 502 11 

SiBHOs 5 Moon oopoencucomd oaab Od po bud ob 6 508 11 

CORI S nic coe ou onic oo 00 De Oo atic oc G ocecimn es 1 4 510 3 

MANAGE oo oo ono o oo moo oa OND OeOD OO OR DON 8 518 3 

latepamodeshalemscnencte.-hewchareimuekenedererene leleierocsisvicns 6 524 3 

COs (So obnccoodoodscubs BuonenuanEcaads 10 525 1 

IIMA MOMOs. cco aceoougenepecnoraonpaocdeS 18 6 543 7 

Sandstone, showing of gas................ 16 2 559 9 

Shalem Sam Gaygercaenem susan he ietoedstelleietictette erotics aliciieitsre 23 2 582 11 

Sihalemsanciy, smn CaCCOUSS rs uecieisiele i= ereite sytels lade 37 7 620 6 

Shale, sandy, streaks of slate............. 33 2 653 8 

SaaClVOMe, .gonco6ocnns epoch ododcoronooddS 15 7 669 3 

Sale SAW virseet wemecatan tear ee nodes oye se enn nome san sen ee, < 24 693 3 

SNE. sisiociet he ope de tor Oot OO Ont or 15 708 3 

Sandstone, coarse, salt water.............. 43 9 752 

Mississippian series: 

Burlington-Keokuk: 

Limestone, shelly in places, with shale part- 

WONT coomeaonop acdd-o0 o Grd. cc ono. leno eoke 73 825 

Limestone, light-colored, flinty layers....... 260 1085 

Kinderhook group (?): 

Limestone, dark, with shelly layers........ 100 1185 

Snerel, Clepdesrsolohlel Ganoannoaonodaunnoodae 15 1200 

Ordovician: 

Joachim (?)?: 
Limestone, bluish, fine-grained, shelly in 

TEKS amin ooo coceoddoodouoOMAORIeoOS 57 1257 

St. Peter: 

Sandstone, white at top, reddish at bottom! 64 1321 

Cambro-Ordovician: 

Limestone, gray and brown...............- 129 1450 

Limestone, shelly and clayey.............. 10 1460 

: 1Correlation below 1,200 feet by E. O. Ulrich, U. S. Geol. Survey Water- 

Supply_Paper 195, p. 86, 1907. 



246 STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

RECORD OF STRATA IN CORE DRILLING NEAR RAYTOWN—Continued. 

Stratum. Thickness.| Depth. 

a Feet. Feet. 

Cambro-Ordovician—Continued. 

Limestone, light, coarse, and porous....... 160 1620 

Limestone, Shelly: sre. ctyeravesetevele erence raielienahelates store 20 1640 

Sandstone white <ictevelmicicheve ckel srelensverenchereneeie 16 1656 

Limestone, light, flinty, porous, water dis- 

appeared Or Was LOS ics 0) sis cis osdter eielorsicheiels 74 1730 

Limestone, gray, clayey, and sandy........ 20 1750 

Limestone, gray, hard, fine-grained........ 70 1820 

Sandstone, gray, hard, fine-grained........ 15 1835 

Limestone, gritty, porous, crystalline, in) 

places! white! and) Minty. © <iersjsicte mais) ere 215 2050 

Sandstone, hard, COarse. = <5 «omnes sons ae 50 2100 

Cambrian: 

Limestone, with seams of gray and brown 

ELEN oy conanco SHoOdUuan SOD HOasOAA gas 40 _|2140 

Limestone, dark and light, fine-grained....| 110 2250 

Sandstone, hard, Coarse... < «was a «=i 98 2348 

Proterozoic: 

(Cagchaviin Wars gicicn- OO bo bo mos odo obo ooeS oro 5 53 2401 

RECORD OF STRATA IN CORE DRILLING EAST OF MERWIN. 

(W.% NE. ¥ sec. 27, T. 42 N., R. 32 W.) 

Stratum. Thickness.| Depth. 

| Fl. in. Ft. in. 
Recent series: 

Soiliand gravellocccs piece cee eee ee heeetA 1% = 6 
Pennsylvanian series: 

Pleasanton formation: | 
Sandstone; eray seciec caeicwscec ae ocre ees | 40 a 58 

Nb 0-1} (0) «\- eee eI Bere tn Hiner .o ftv * 2° 10 60 10 

Shale yw darkg.r eye ere cwscthere Senet eters oheke na ncesee | 3 63 10 

Lamestoneet: Cate te aa a ee eee | 3) 10P lamers 
Shale, ierayc ac aehieisee e e eee | 2s Ore aot 
Goal: (Mulberry) = <.., ¢ 2 os.. oie tals eden eee 1 4 71 8 

Qa ys is Beciecistor erat scare cual qe int RE | 10 72. wa 
pote We a hart pach Pony CO ner TCL CO Cee ee 4 6 77 

Henrietta formation: 

Pawnee limestone: 

TAMESTONSs, VAL s\ lau cmc kramer siete) he in ralth stale toners ts 11 8 8s 8 

Labette shale: ~ 

Shale,;calcareoqusisu: 2 seis) om eee ere a. 6 91 2 

Shales -Saxtaly..s,." << steraeiele spetet se nereitta aie iaeee 5 96 2 

BHA1S, QUAY. fos We avayaes wal seca otal ee eae te fe Reon 3 99 2 

Shales darker: — sia wyuvabecia ss ie ss ee 6 5 105 7 

TuINMES COTS aie) was verses pom it Da ak) bw Saneie neat a eigenen 4 4 109 

Shale; Gark, /Blatys ois seste «sy amore ee ere 5 6 115 5 

BBRORGONE aie.) otal mya'as sare sutra Tapas alatSteLan 9 116 2 

SHAG BAT Po sys Rid oye) Oe yah wists a ote Sue Bishi 8 124 2 

SPACES fe hd as i eile hychlis  eu kre oe deo 1 2 125 4 

Coal, swith partings:., cc. 23s 5k ei oe es et oes 2 125 6 

1 Shale; Sole sors veces & auc vive coor ip tie Pee ata 10 5 135 1 



MERWIN DIAMOND DRILL HOLE. 247 

RECORD OF STRATA IN CORE DRILLING EAST OF MERWIN-—Continued. 

Stratum. Thickness.| Depth. 

Pennsylvanian series—Continued. 

Henrietta formation—Continued. Fl. in. Ft. in. 

Fort Scott limestone: 

MIMESTONe wera yer rcieieenerctisieciotee cia <= 15 7 151 6 

Single, lola. Hear, ooocobebodgccanfeoboes 4 8 156 2 

SIN, WYANT Goo coo obcoeoDOD Op OCoDOoD RODS 10 166 2 

Cherokee shale: 

Sings, Glots, HEAyo oo cboomocaocoodenDUOOOS 4 2 170 4 

Coellie anno osleocodudooooooDo OG moo mootools 2 170 6 

CY. Go ocosuossogooUeone sooo ooDOUOo oO 1 6 172 

SHHNCIGMs GadcunotouascooonoonvodcdobCD 1 2 173 2 

SMBS ERMGK7 bg Soo oocos ono ones OOFOaUDe DOO 14 187 2 

Sandpionerancmacueterercnc terry dereueaisesnee dace toners 69 10 257 

Shalemblacksmslaitiysprcne-yetenedesoreicie mene iece reer tii 4 257 4 

IPAM Os ss Gocboooodoo Koo eb Oo R Ono HOO nES 10 1 267 5 

NBN PRN a ao o hod ooouem pooono oon Doe o 9 268 2 

Single, levels, HEN 5 6 ooo ooonenagoonaopeues 10 269 

Sing Celis no akouooas acon soono ee aoneUOD 13 11 282 11 

Cozi! (MEU) 2 oo ponapodcossouedeooondon 9 283 8 

(CREAT a cy 5 heb Eb 0 Ue OO OIE ODO OR Uo A OES eee 6 6 290 2 

Sinaia, Gade. 4564 o6005n00ccs0seqomeapeo oe 2 4 292 6 

SeiGhiHtOMs> osoeco0scooonobeog onamocnno ed 3 4 295 10 

(STaWey, FACE R gosh casey Snc.o 6 tes0 OO DIG o oes che De Oree 6 4 302 2 

Sala, ielH ae) Ca. nb eo sucoboosononoeuSS "if 4 309 6 

Gor (erase TCM IEMD) o bcc onoGaecosndecad 2 2 311 8 

OY odo boob oee heer ne Goomem eheacoe mos 2 6 314 2 

Siva Cbeewenchensticacwencrsnerse ct cucner hte dows vay hebairecsiawsKener ons 1 315 2 

Shales dark toy blackyeslatiyee. ic. eile =) 1 27, 342 2 

Cael Won 1k iepil)) oo So oon coaeodesops 2 5 344 7 

CASS nein o oalde ao Ode boo Gol bic o.oo morn ainors 1 3 345 10 

Sines, Gevdetseo 4 onloom ooo deo Ee on Ome oN 5 350 10 

ILIAC on 5omotoo oon eho omen eD ead oouaS 6 1 4 352 2 

Simei, “WHEN” ois ncn nod nod oad ehdanfe sveh ay ustisisscs Lea 2 354 2 

Isimestone and! Shale jets + em les se) seeestoe Sale = = 10 364 2 

Sandstone: dark tol light... 3.2.0.2 66-55. -- 9 373 2 

ShhaleterayssanG yeas ciciercner ie ic eeaenase BR - ) 376 

Coaltewathupantin ese craccme caeverncueet eaten chet es 6 376 6 

(SN a FEW Vo va Ke tra oy Otc OR OScREL NCE eet conic REO are ee 9 8 386 2 

Shalesisaimn Ciyieece-sce mec ret weiss vec mcusiieatey nieitee. = vals 1 8 387 10 

Iban. y ooo ooo oo Nd co ond Sen DOS 1 4 389 2 

Shale wdank. SlAtys. ee. ere let eievetee is eisne cue cteraure 17 406 2 

SNalecalCareOusrp- iis meweatsetetene eee aaa-a ne 2 2 408 4 

Shalemsand yee sete cea eter eetica eer esis cre 2 3 410 7 

Shalem ltohitywaecensneseerces iene tv betel nena ee aie 8 7 419 2 

SALE SANG yg. aye renescee eo stefed enon sate te te eter eee ehcv nes 33 452 2 

Sige, Game, ssh anccasreunodnguemencac con 2 6 454 8 

Shalem black-ySlautiventen-aemet cataract esr eemenanen mena 8 455 4 

(Co filere aig. ccc mta-cic-bie 0 Bio Hone ofvo co bre aieKcle. ararens 69 5 455 9 

(Cien7, -CleyelesiG 5 opi cco 08 Cdibaicin Siento io oa es 1 5 457 2 

See) CRS pas oddodecseouon amr sooo enn eS 10 467 2 

Sincike, infalsin Eile S be ouporonnecocoeenotan 2 469 2 

SUED SIP Boo. goin. com bo Ot bond Seiten Dee Fi 476 2 

SIND, Clewle ns como gsoaocedanpdgeocnodase 9 485 2 

SiGe, Wel oo ec agsorannoooo moo ooobedosS 3) 494 2 

SMG. CHICO Co ba aceone oman dponsoed 3 497 2 

Mississippian series: 

SINE STONE pyeegenes ene teke ok ettco eed eetaenate eet 6 503 2 



248 STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

RECORD OF STRATA IN DRILLING NEAR BERULIN.! 

(Altitude of surface at curb about 870 feet.) 

Stratum. - Thickness. |Depth. 

Feet, Feet. 

Recent series: 

Soil and gravel’. 'o-.stsic whee ee ee 14 14 

Pennsylvanian series: 

Lansing formation: 

Plattsburg limestone: 

himestoney MAG eye = secneessrepe st eectees Melanesia eee 12 26 

Shale Might blues)... ei eae 3 29 

Ghimestone,78Oftiic 5 - ive. -b-c2 ot cts ete rereneters ete 2 31 

Lane shale: 

Pots CE en Cecioie cial 4 Gao OS CORIO Doerr OR oA a 3 34 

Thimesto ne -yWohaysrcceg evetens akon Mine eee ee 3 37 

Bihalenyew.se-carararencrens mata ctereiey teeicne rr taenc en acta 2 39 

LimestOne:: eieites wie Gee = ere el pie ee reba ee Zee 41 

pS CORONER Cher Che RRO Catchy Com LC Seiad Chee MONA 4 45 

Pri OSTOMO) aire wire larsvellahes ellevstavaha us tetanevetedstersearseees 2 47 

Shale; iblaem ce eres tees ee eae ae 31 78 

Kansas City formation: 

Iola limestone: 

Himestone: and! sand tc. niel..<- clciterciebereetaeare 2% 80% 

Chanute shale: 

Shale a <ejauer er sneteeeiceateus here cheeaeaecenoe het ane eee 9% 90 

Limestone, shelly. <. -...)5..</2 = 2 vn cisreienti Meares 1 91 

Shales. ajc; aaee a Oe epee ae ee etoee eee 1 92 

Sandie spies OU ee CRT SLO cr nn G MMas Gio 3 95 

Slate; iblaeks ay sieisie Se 2 artes eee eee 4 99 

Shale; le wis. eteta sea aaa os says eee ae oe 10 109 

Shale, light...... SRORRCS TO Ole Genciet  qceRenc cigs? 11 120, 

Drum limestone (probably includes Cement City 

limestone bed near base of Chanute 

shale): 

Toimestone; WHET. c tye reretis pecs tedeiece vere aici ter ete 6 126 

Limestone; SLA Vis tac eneters clase reveieie eeieteuerciniars 12 138 

Cherryvale shale: . 

Bhalej Ue ays <io.-tersvanalevctevs inate eaetaietetes meeenere 15 153 

Shale,“ DIUG. s. 5. 5.6shia) nin seine ais ate an ese eer 4 157 

Ed MOSCONE Soh e fare te oreo isos el nist oe cebenaretTelcoel eaaeere 3 160 

BH BIO 6.6 ei oho swe essa Seeincs ts ee ae ae ee 4 164 

Winterset limestone: 

Wal IMOSFONE’S sverereke ww iajare (ee Mince k eetetetarm ehey oes 40 204 

Galesburg shale: 

SHALES sy ein vors uote tis eon tene eteiins fey cere oehatenerot Risiene 6 210 

Bethany Falls limestone: 

Limestone...... Re el.v sa) bene iuneLaleecete da WaGN OMe Ns Mate 20 230 
Ladore shale: : 

SHGI1G; Ark . Sore ware, 0 e/a mayo arse eit eine 4 234 

Shale; ang shelly Jimmie. <5 sien cra ies eee eae 6 240 

Hertha limestone: 

Liltmestene 4 seo) ciara o's:accieyertia.eteteitnan teen 10 250 

iProspect well for coal, oil, and gas, made with a churn drill in 1913 for the 

Berlin Coal, Oil, and Gas Prospecting Co., in the NE. 4% SW. \ sec. 22, T. 61 N.. 

R. 31 W. 



BERLIN DRILL HOLE. 249 

RECORD OF STRATA IN DRILLING NEAR BERLIN—Continued 

Stratum. Thickness. |\Depth. 

Feet. Feet. 

Pennsylvanian series—Continued. | 

Pleasanton formation: 
Salem lieSyere:shererekcier ees ec oe tere re etece oe acicayet 4 254 

Seis INR Loop ootoccnanecuDeUd goog DU OE 75 329 

SMES, Cede. cao doccesotecaconsonesconacs 4 | 333 

Sihaleslieh tcc ncs vac ra te tate aepease tier areata de oe 8 | 341 

Shales ehtieSan Gyaeees te aienens) cles uehcnciensteneton emer n= 13 | 354 

Shale, white..... - Grudecqaeeoeaac dees 41 | 395 
Henrietta formation: 

IWAN Goo poco ano coon Mood ODOM odeS 2 | 397 

SIS. WihtiDe ooo hdnsadacounostsobnoodeoos 8 405 

SBN; MOGs Oe sosoncdodonnoe sda ses comes 8 12 417 

Shales blue -anGguslater. serene storaiic c= fens 15 | 432 

Cherokee shale: | 

Shale, black, and coal (Lexington)......... 6 | 438 

Shalerisand yawareyevetores cis potstceuers rohie oie eels en cers 5 443 

InAs OM SS ok pocuocesDoOokoOCtuoneEpooLO 6 449 

Slee, WN. on cho ooo oe cae ab daoaeodbapod tec 2 451 

Sale, Glad Seles a cat oad Wolo oO CORO DOD ODD 14 465 

SMV, WWW sccloesoce sido sebnoos omen anooc 20 485 

3 LEWIS, TEEWANG ESS a es tence 6 hota On Gone oeengia ororacrd 25 510 

Shalewiplwenisan ays 2 esi. so-ce cesce ce. sics, csie: oust enemies 60 570 

Senvelieene eel obo 5 coo uooe pee mobo Om mS 6 576 

SNale ss DlLWe SANG Yes crs ae. ae fe ote iene) stey2 6 ep wishes ore 45 621 

Sinale mb li eewse-ecteytte asc she Guetan ewes ore mesme ke. suscep 25 646 

Sarvs. Wlwa- oo booconcandancspooneac 24 670 

SiO, SEROOW i oo eee wtb Oe ObD emo eOooEEeoS 10 680 

SHIVGlSNONAG4 O Gyocco A Go cuaos6'0 Oca CIR e Cecelia ese 16 696 

SANG StON Cig newettacucteneteaciepaileue ez wer succes vicey(auste\ens 7 703 

Slate wb lac sister sis eee aeratuad Wom Port sce gevec nie terane 2 705 

Shaler Milemcus kee yk cee tie vo ner ese ieee» ckekenclee eee 30 735 

Sie, Ceili. pe ooo cUdoeeso Doo SU ase ot Ge oe 8 | 743 

IDM ROBES boc ocegoco one mcobdcaorbopaocos 6 | 749 

Sihaley canvas. .copayetans tuscan set -eeekalienet st vouener ons 16 765 

IDMANTMOM Io ahooano ono aAbonsone SUDO O oe 2 767 

ShalewsanGiyswemarncte cristae cr eeree ie srceane 3 770 

IONE. oheimrosgodwocw bode Sooeelon bose 1 cee hal 

ShalomsSanGiye-roeateieie -ictteswan atari oh stesedeyiel <uatee e) 780 

fee) eH Ag eartaen Bicicse co c.clolene. © Cun eeeeue Menara 13 793 

Shale pica isan sucsmenecce sen noted ences cae bane cal at acca ees 25 818 

Shalesswih Leja t-ackeeete neater cherruckeiey cacials\ene es 10 828 

EUS oc codectcandood poet Conn ood Heo tapos 1 829 

HEN Se OM oes Sone Ch einen ote Sl ah eNewisena re 2 831 

SHIN a SG Bet oks Skis co coca Taam hb Aono Oe enone 1 832 

Coals a... nouggmoe bono oonot Stoo GEO eS 2 834 

SEMCIOIOES oa cadcodatocledousAteengdnee 6 6 840 

Es SEIS. + aA oo KedooU owe OL AU oom Gomis SEs 25 865 

Ili SHOMOS Oho mas ooec do Deco DGoBeDcadom Ds 2 867 

Mihalepree cienstenclereu-he SIC IR Ob Gee one 16 883 

Seve lino ANS Sa Gi nls 4 cele Oo costa aig oo 56 939 

SHAG WME Oo a 5.5.0 DA b odo Ole o ce cides Oe 12 951 

Sand stonemtais deci kar ois covets eos 2 953 
Shaler blacks vaewar te neaces ct aickensectereiapevolciene)= 4 957 

Shalembyacken ch orice et aaa aaa are 64 1021 



250 STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

RECORD OF STRATA IN DRILLING NEAR BERLIN—Continued. 

Stratum. Thickness. |Depth. 

4 Fi. in, Fi. in: 

Pennsylvanian series—Continued. 

Cherokee shale—Continued. 

Shale; Bandy: ayeveRtaereepe aa ela) sMoretage. cra tavesalebeiias 4 1025 

Shalewsandiyss oc werent eee tedeleieierouerel el enetene 15 1040 

Shale, Garki ey Avo opecsegereeccn tise ee OS 30 1070 

Sloth Yar uttaten ig Cp wns moo onto hod odio d 22 1092a 

psfewabokopeaya(e Goo ging Co mOO owe MOD OO oe oO EA 24 1116 

PSeeh alot inok ol: error en acne er Clon cece on CHOCO Gan 16 1132 

Mississippian series: ki \ 

PAK ono aoe OOD COSMO oo Soca Mags 8 1140 

aMen in charge of the well claim drillers made a mistake between 957 and 

1,092, and that total depth should be 1,092 feet. 

RECORD OF STRATA IN CORE DRILLING ON KEATING FARM ABOUT 

THREE MILES SOUTH OF PRINCETON. 

(Sec. 8, T. 64 N., R. 24 W.) Drilled in 1914. 

Stratum. Thickness.. Depth. 

Ft. in. Ft. in. 

Pleistocene series: 

fs \ha te qe GeO GOUN GOGO A DAO OOo uO oS oon 5 8 8 

Pennsylvanian series: 

Kansas City formation: 

Ladore shale: 

Dimestone;, [bastard is. (ary. sisters aenst erste ae 1 9 

Shale, Went wsonte.--accsce tess totete wcie len otek cohagevatarnee 2 6 11 6 

Hertha limestone: 4 

Tiimestone, white sos 25. a). feasts ais Ceo oe 4 6 16 

Pleasanton formation: 

Shale; WreeNis cies vie ees es stare seal ohesete teabeatene 19 

SCV Grbac 5 Rama sone Gon MoD Ha Se ospoadad 11 6 30 6 

Coal (Ovid) ic. vite ae tele Cteitie Bie Lemete acters 4 30 10 

Shales light.) 6 co% ao selec shh oe teen eee ree 4 2 35 

Shaley darksot- <6 3. 2) tava resey crersget tone wrcncqeteaenetene 4 39 

MiMestONe vivic:shesissue okie ereee okie eiene taney anenemer ai 3 42 

Shale; Mets Sins, 2,.dv wa wittsbareis erviie abi iahe 6 48 

Shale; dank, Slavyrnd. a vsinyey Sic oii t eee tnna eine 6 54 

Sandstone; eray, BOL. o. 6 ao cc ce aes Suites 82 136 

Shale; | Sree eis e.n Mecsas ae wilotencispeyeue sie eae 17 153 

Henrietta formation: 

TAMEStONS, WHLTCIS © cieite © <lolsis eieleiel nis ere ie ele rere 1 154 

SHDSIS, TSG ye Gira carcass ararecain «(clwh ey ope anerenehe awa ara 8 162 

Shale \CaloarGouss ¢. ..c.< sc. +s wiele wiereteh cet eeeenerene 6 168 

Shale, Varlegated: wn x «sie oc pie whe lare sacs sce pees 10 178 

Cherokee shale: 

Shale: DIACK. nrc c nese eae wre ste syore ein aie eceuseane 6 184 

Goalv nash ©.” | P Whteechigwnesdetes bry 6 184 6 

Shale: .:. .<<4 i Gu@xINEiON) i ets wala we vist wets 6 185 

Oonlieeca © 9" = Wh tn eee anode ets 1 8 186 8 



(Sy — PRINCETON DIAMOND DRILL HOLE. 2 

RECORD OF STRATA IN CORE DRILLING ON KEATING FARM ABOUT 

THREE MILES SOUTH OF PRINCETON—Continued. 

Stratum. Thickness.| Depth. 

Ft. in. Ft. in. 

Pennsylvanian series—Continued. 

Cherokee shale—Continued. 

IRS) GE 5 o oc oS OHOonD OOo Kon DODO OO OOOO 3 189 8 

IDWTACMOMOA. ong ocooonundododonsoadaadnogs 6 4 196 

SPCC cone poke hs sonooneD res Soo ee 16 212 

Shhalewsandy, Slatyie «cus stciereteie « csnscspels aller spe 7 219 

Coal (Summit)..... BS ORE CEOS eon Ot ETERS 9 219 9 

NINE ROMO HANG ss erate rene eke ctecaue au slenirenonetene ects 6 3 226 

SNzHC), CHICEROUIEG bo GanodcanccnogseunoROS 5 231 

Goal COV G ul beys) rere pence sper sastiee- cusrensredsns is sceters sey sire 4 231 4 

AT ORCLAVaeura tee nent neki et ieaca- neue eetckense aires ken eran specs 3 6 234 10 

SA WAM S oe oabasl de oo oon oo Momo ooo eols 5 239 10 

(SHehavolsyronats), (Kosi famhyo oo ponndgoanogbouGeu 55 2 295 

Coal (upper bench of Bevier)............. 5 295 5 

IS CER 5s Gao ponooboboec docu CU oon OEOUOD 4 7 300 

(Siaieiiley, st haVe hy aibes cio ommenicio-ontd oa bed oro cao orceoncicee 10 310 

Shalemidankseslatysewercasscucesteihcusnatle ee chore cus are 9 319 

Coal (lower bench of Bevier).............. sat 4 320 4 

TR GER Go ooo oot dOnoeo dD Oo onOMoaGN Oo 3 8 324 

Shale, light....... OU ONO CA D0 OTRO EO OS 9 333 

(Chey, NAONK So ondcnenabcdedannostonepots 2 335 

Coals @owerkArdmore) |= eats sei ie clas 10 335 10 

Hine clayi. ci - OmO.4.o 8 OS d,.6.6 4 8x6 cin epIntg amo 2 2 338 

Samcletomerueeencisn-isicisnieet nee Do craton pinta, heceenc 10 6 348 6 

Sihalorli ohitrasvap-ccketscvcleiuskeal s.ccstevelare eiaicice cucree 3 6 352 

Binh ale San Gh yiviovens, cuca ieren ciara feacuensy ode alonek@-rssuere 2 354 

Bihalesnwithy firevelaryinr cc 2 accuse tise seins eens 1 355 

ISIN), CHICO go canconnootadoeausuode 4 359 

Bihtalem black i slaitiyi.caustemasesendercusmroitinicisceiefatete 3 362 

COMl>oocugcoes ponds HoOe ode ane rock comodd 10 362 10 

MGIC s Cla Vgtiton ay Mec mec eco Wncnseee ensue cls eac iciseuweate ches 1 2 364 

SHMENG, Glebe SEinyolod enn mosnueAoeouenaeaeT 6 370 

(Gore Cg AiO Gracie Oo ENO Bae GO Cn ERO Ore oR Enno 1 6 371 6 

SMe, WES oho oa boo Gone HO aD Deo ooUR abe 2 6 374 

Shoalemdank shards slativacerearn cise ciercie sensi 76 450 

Shalemslaiteyiq SamMCiygs ree ierersienomeseadet erties destin 6 456 

Shale sblackwslaty-nn s caorhecsttesscsnepeh cave ess sone ace 4 6 460 6 

Sandstone, fossiliferous...............-..-; of 6 468 

SihiailemeslativyeySealnclivyan sp asia heater ceoneu in oieten en overs 1 469 

Shale; dark welaty.. vais sigene ate seh wespa acevereie: aneps 3 472 

Sandstone, gray............. Ch ic OrGlohn eo eraioiees 6 478 

Mire Clay;: SAM yes. 1... harcesagerchs: sees) sucmehaces aan eiien 4 482 

SiMe, LOM HEMhe og 6 adancoanen sonemaua ou 4 482 4 

fSEyoelynomN\s, aero 6 odo ute odode Oo moo oe oow oO COe 3 6 485 10 

Shales black slatyia ic «cree: cogetavel epsie-e skiers «ots 4 8 490 6 

(OXON dbaker coho pro cece peOlcrorciad fpr on tus. ha eheorel canes 9 491 3 

TI OR CLAY sponta ce sare) witerieice ie eree cre ets airy such ahem seas nese ere 3 5 494 8 

ShalemslativenSanGya.eeven-nu mney seme ete een eta 3-4 498 

Clayblacksaneucmerseutks ces ewe aa rea oe vary sts 2 2 500 2 

OAM ea seen eceter ete ie cm sosire o. shane Pe tome aee tone haiane even: races 1 2 501 4 

Inti). GEN; GLICK 5 o's Ane aebacancrceenboanone 1 2 502 6 

PANGS LOM wr PT Viewe mers iota pote tedster varcenousst riietiees 3 6 506 

Shale, black, slaty... 3.0... ; : nieiaite 6 6 512 6 



252 STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

RECORD OF STRATA IN CORE DRILLING ON KEATING FARM ABOUT 

THREE MILES SOUTH OF PRINCETON—Continued. 

Stratum. Thickness. Depth. 

Ft. in. Ft. in. 

Pennsylvanian series—Continued. 

Cherokee shale—Continued. 

Hire Clay sone ane ae eee eerie Roane Lene 514. 6 
SanaGstoners kk. erepeves a casuvist ere efetoucre cuales ickewede 3 6 518 

Shale) black, slaty.) pede ss. 0 oe skanenake was sal ieee il 518 11 

Coal. 2 elle, eo) A rence race ae tee 2 6 521 5 

“Binder” Ccainenvt BPR Ar host eee rt 2) 22s een 
Coalecce ger wee WE A eee, weens smears cred decree ete 2 6 526 2 

Fire clay..... ence cere eee s eee meee LL 20 528 

Shale; lightens gia seis vats oe hausy sche, aioueay tes 2 530 

RECORD OF STRATA IN CORE DRILLING NEAR SAXTON.! 

Stratum. Thickness. Depth. 

Ft. in. Ft. in. - 

Pleistocene series: 

(OE greene Cho oi ook Ohaootic oto Oo S.C 23 23 

Samba eee yetelarausteeueey sasnere ta cis aR ean Seen ee 2 25 

Gravelly 2 voc 35,e-aicle Gas bee reap en ee OR eee 4 29 

Pennsylvanian series: 

Douglas formation: 

Weston shale: 

Shale, blues 4 acs cere as os ore eas crete eon 1 30 

Lansing formation: 

Stanton limestone: 

Diimestonel ir tacve care, ccenege eueyes el Pes lone eens ee 1 31 

Shale; Due ais cree oxo eect eaeicye aioe nee ke 1 32 

AMM CStORSs. ciraisc 65. oe > epeuei els) Seusy rel mia eunt oil aeieee 20 52 

Vilas shale: 

Shales PLUG gees ke ae eee ee eee bs 4 6 56 «6 
Plattsburg limestone: 4 : 

PALM SRT OMS vauecare, sheer avenetee is eedanar stencr etait Men ae tan 16 6 73 

Lane shale: 

Shale, ‘blue.'a 5...5 <05 (acs tree a: cee er aniela pie eterna ee 6 79 

EMOStONGS i aiiccleexs teva sim area ele ter etane rina aeneee a 80 

SONGStONE).: 2). «mae sche mucin cRee eee we Sie. shai eta 17 97- 

Shale: DlWex syarsax sca eave aritaial nota erageye mee ere i 98 

Limestone. .........-; Rte ee Othe 2 100 

§Bhale, DIWGs ci ccc.e awinre ie Se Pw Qos side sae 9 109 

Eats GOWG oh e 6, 5: 5e ls, wine in larai nema ie ob aeons eae 4 113 

BBall; PMO sc corse fo hep ee a ee Ages 4 117 

LAMeEStONE 4: 5.5:< eye s,s 2.0 ae dim avers aimtele pie Seine ak 118 

Bhule; BIW. os ss sc.s i wis Chine Oe ee 38 156 

Kansas City formation: : 

Iola limestone and Chanute shale: 

ALINE GO Ook w ur uh 55 yo atte nish, Sew ya cys ke) &. ke REE 7 6 163 6 

Limestone, fossiliferous.. ... Se ta he ‘ 4 167 6 

‘Drilled between May 3 and June 26, 1900. Reported to be near junction 

of Platte and 102 rivers. 



SAXTON DIAMOND DRILL HOLE. 

RECORD OF STRATA IN CORE DRILLING NEAR SAXTON—Continued. 

Stratum. Thickness.| Depth. 

Jibs Us 1a Oi10s 

Pennsylvanian series—Continued. 

Kansas City formation—Continued. 

Iola limestone and Chanute shale—Continued. 

Shalom Lie a sbeaay tak see raneretectey erat ercre ele es onc eee a 3 6 171 

Sihalewblacke risa ce cate ete cnsee eke aa tee sees onans 1 6 172 6 

ALIMEHLOMC Regt sete es ois eee kocaaeekesams pachereabene 6 173 

(SINGH eulbilaie Sroso 0 ona olanatamilin a elo Gicnc oaucd een tc Pers 5 178 

Shale waraven ace wie axis reccistieleieses ach Sats dhens 4 182 

TbfiaA SOAS Jc. epee Gidea cee Pe IE A Oe RS ee 4 186 
Sate ye DLLs eats once oh aieands ot Soe eS oie cons 8 194 

Drum limestone!: 

ULTIMO SCOM Cyaan ce on enelislssrothe wok yn ishielte seks denahs Sheena ecchsite 6 200 

Cherryvale shale: 

Miele wil er ercstet nascke pate nens che teoets.he ae taeensy ik oe sie 1 6 201 6 

Top tremays\monaKet hee gute St cee loca Cate nee aR beeen 1 202 6 

Shalom lie mene em ees any eer eeieien otic er eres 3 6 206 
PIMOS TOM Ore. se ances: oe hensaa uname se ee yene 5 211 

Shalewblurer syeweeat yee nis eee nerek cca orccsencizeecno nis 7 218 

Sina erekOssiliterOlsiweys mee mine erent ease riley. 4 222 

Shale splirentrr wich wcu tee eae esed A aaeek gy ae 2 224 

WIMEStOne rte wok iets Cea laye ashen cP ieaay caalcen eccaaes vase 2 226 

Singlomiblu chess wer s etn ccay stoners eaten aa cea Mou cy oe 7 233 
MGI ESLOME)=y cir cre, case sieeen ott ci snawecama: sonata enews 5 238 

Stale blite tenses he eo rower che eee ta 6 244 
Winterset limestone: 

IMIMES COME ee eta ace the ee los sdp epee te toe eee 8 252 

Hale MOLL e my eran cae want epea eo eps b viene Role welicdeuete 1 253 

Terra ae]ii( oh ache enleplr cette Aaa Ee ean en acca eRe 20 273 

Galesburg shale: 

Sitallonmpltievrcinca error ack oy ic ciate erie yee crane 2 275 
Shalom blac kaapeyeton temewenen oot is eiicu sree tester eiseiairone 2 277 

Shales solute rstarcwewacseacnabeteteo en ven cec bats leiden en ceheee 2 279 

Bethany Falls limestone: 

MINES LONE ever ar sinine sear PNR de hover oo iota 21 6 300 6 

Ladore shale: 

Shale plete ss ccna sesso eehe es cenienn care eave 2 302 3) 

Hertha limestone: 

MAMVESTOME Ms. scores ema Renn aie ienabene eh aie eerie sane 18 6 321 

Pleasanton formation: 

Biale sip leie Wea ccicatl,« stl Otte vhege, hase reese aes. cate 1 322 

(Chops lin(C OW AKL ioe epte tava od Riese oc OOO ee Tie eee 1 322 1 

Sea oe Glee yery vary yhten vi a eae oe Sisco aes il 323 

SINALSS Sam Gy: casera te xchat alaneee oat ettes nodes Alay a 40 363 

SivalessbLWeR cs ashe ake ee meteor errant coats shane 45 408 

Siialetiel aye. toto ae eon cree an eee 3 411 

MM ALO TMD IWSN. ose aroeaecn aay uae veve nen atens itera tisscas 5 416 

Sihalestsandiy: . cwstor pe ce eve cuca ene ce olen 13 429 

Sal] Gs LWe a traccesy ores char cae more tar ean ears ia 440 

HMATITESTONO scree re Ree a aie he ee eee 1 441 

SHalemb lire scot er te ances evsloteeer sh siete ate. iets 8 449 

Henrietta formation: 

MATES TONE Rwsucpa eteactle: sycuchehonsie een wane terslopeliousee ie 3 452 

Sales (Bam. deyastedess renee sae cer ey aber ate nce aorteie ia ale tiers 6 458 

iMay include some of the thin beds below. 



254 STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

RECORD OF STRATA IN CORE DRILLING NEAR SAXTON—Continued. 

Stratum. Thickness.| Depth. 

Rts a7 Ft. in. 

Pennsylvanian series—Continued. £ 

Henrietta formation—Continued. 

IWbecieba ees cme ceoo ro ono Goedoe Ono od oo 2 460 

SHale, SANG. vxiccioycvsteyeteare miei ele reteuaterete eae eee 3 463 

Shale, \DIWOS ocusceseye seer yates = aes ar eta teen 12 475 

Shale, CalcaTrGOuBicrefernnie cot eioe ye eeee ate 8 483 

Limestone, conglomeratic. 2.0. ..2 002.0 oe 2 485 

Shale; DlACKSr. .-s.< ten cle erste ree siete teetabess ape eae 3 488 

AB bers ooomadvocKee doopob ome daoos4o cs 1 489 

Sandstone cio. vats acs aa tee tewssveces ees ese oe 6 495 

Shale; ‘blacks... sss see caw Sokege ge, Moto 11 6 506 6 

Limestone blwececy-neic) suciewers aes cetera a cetendeaene 1 6 508 

Shale; DIU seagate use cate ier aes oacbarenabecexs eet Aap tates 1 509 

Shale, blacks AJ. Ay. ekceus teens oae ei ctaee oe ee 1 510 

Shale; Plus serosa eee rarer aie eee 5 510 5 

Lol sy NES Get aires Src OO A oegekdn 7 511 

Shale}, bluei ne seycccie cre cactole cieie ones cimacuer sie ieee 8 2 519 

LAMM OB COMG i6i5 coo) a. aiiaser ng fav iat ere os Se ace eee 7 526 

Shale} /DlWemice., stereeretie eat eee eee eke eae ee 9 535 

Gwin aals\s\noy Velen sents cee o.c i PO citi amec ina aionce 3 538 

Shale, mixed with limestone............... 5 543 

IOrbanNe}:} opt oicee eGo OA oboe b oot ocr acdc s A 6 547 6 

Cherokee shale: ; 
Shale; with lay ersiof Sands. so ile oscs stearic. cuecate 3 550 6 

Shale; sDlUe joie cos) «pale ooeust ous erehelonetesorete sacieaeneie 2 6 553 

Band stome ew xo rire crcasengegsrsr a: a) Ws telereuny cnkeerer aa 5 558 

Shale; clayey ti. yscsy-.cioteetene ce mus ee one 4 562 

SLM ASK KEN Go oncadoo MOUND OO Se one oc OeaoS 3 565 

Shale; Gan ayers rec. nate eesuassevahenerotetacerstoas eae ee 13 578 

Bhale; Dies; «5 sels. yoyo eres ee Bie oe 9 587 

SanGetonenyayocye mechsvewniee ctoietes eke eyeue te taie teresa 3 590 

PSUs Aes eee tn tet orcad en Huts Se 6 596 

Sandstone ips eee we eee ein aes eisye abet 2 598 

Shale, DWE. 5. sin sete a eva cyajacske oat aaah isue artes 16 614 

CAD DOCK ie rs vec teins etetenct aren it hort aa Ne ay Oe 1 615 

Coal( Bedard). aia aisiates © misearoinee aie aaa 1 8 616 8 

SANGBEONG «: ./6 nia ates ix: bussalee ve valle: etal/s esto uate’ enstoeene 11 4 628 

Shale; blade. i. so ter pci te See 17 645 

CGal CBE Wier) (erd Fsia eee coca atone Crain iseaten a enepenen 1 9 646 9 

Shale; LIS sspears suey ste ava, sysceleree eis oteap eenatg eee eee 3 3 650 

Em estone severe wise aeais ie esis nie aes casiaiene enn 3 653 

Bihale, Bless fais’. ajarnre ere sucye) taretnis aietyatets) sae 4 657 

pC CRCE (sk gaints 4 chy ob enuchcene One gig O omengcrcna 8 665 

Shale, blues wow «he ices els saya ane ees 2 667 

SANGStONG we. ices ess wv se ce ayes aca eee 8 675 

Shale pSand yi sie ccocors avers wieicw rere Tae cee ere 5 680 

= Shale; Dlaek. shock w.cccsttve coms) arms lene neraies eam 3 683 

Shale, sandy... .)c< ante cus aiale ore eteteie se Siete early 3 686 

Rihiale; (DVAOK). soc re: < etre shale here oehedene aieretals cree 2 4 688 4 

RR aca a,.6 apie: 5) 8l'm iss) ja mm Bice) eee ale an eee ee 1 5 689 9 

BAIS S DIU ashe. soc 'nsn fs evele ian cera etae sts Mie ranateme 2 3 692 

Shale; Sandys). sv. ~ crc ovals bia one eieeete iets teeta aan 18 710 

Biiaie,, DiaGinn cies ws Hei hie saree ee See 8 6 118 256 

GGL oie cane, 52 oP ayatn oh ares coe Wa nm ee ers 1 6 720 
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RECORD OF STRATA IN CORE DRILLING NEAR SAXTON—Continued. 

| 
Stratum. Thickness. Depth. 

Ft. in. Fl. in. 

Pennsylvanian series—Continued. 

Cherokee shale—Continued. 

Shalem cla yeyicrccscaseconcnsrsrese es cena. atte sau ease sek eaas 14 734 

Shale wblachketpeeewser et cer ener oveie esta secede eas 8 9 742 9 

COAilo so Gua con Unde doo UOMO enh Gocco ciolorS 1 6 744 3 

Shale Mbpluewis.< sie sistedinees <teitvapeusscw acsus bes. avec 3 9 748 

Sihiale wean dyes seats c weet onetas Here el oes keeoave Lem ie de 9 757 

Coaltislatyecrcren tein ie ceneicasr er hese 3 757 3 

aleve ivgegeac eagceey eicdenet as sash sinise aa veae Hone seret ore 9 9 767 

SIME) NMOS colo oosaoanbadeadooe caeorimoier 2 769 

SHIMON, Boo gsc cnecanooogndopenpneD oes 11 780 

DhaAle ws DLUCAr nw en eset ene es oan eet te ones eee 4 784 

SandsStomerpeerccm se rarwee keto i eee aes elon Cea 2 786 

SEIS NTO Sa cib.c'b etre ech Ode Obes Sone BOS 80 866 

SANGS COME Ereiipey sncuese er cactoy ees fence, meena. cua ceesiece 1 867 

hale DW Skea ks stare en ee eee eh ernie oy acorns fans 3 870 

SERA ISIOR OS Wein Gio Bini cas ooitia ld doh ero Ren In oI NI 12 882 

Conrlomenradtenmccc cis. d cccccuchers @ ove ies ele torere 5 887 

Shalernsan diyecrs canmatetecanacopehrsye Tate cos eseuny stains eres cher ile¢ 904 

halewbDlLWe crescent eect etarer cuseuenh ae quweeiets 5 909 

Sandstoner eye facie ak seuss cic aveucions Sele Saeas 9 918 

ee OS SAT Civ howow oie cy Wait. nenc¥a wis jeues aba edhe apes ane se 1 919 

BS ANGSLOME repaccueen Morena eee te kere peseaner ciake lens ecetvane 9 928 

COBlo cob So ons US MODOn Oreo OUn Ose pmo: 6 928 6 

SHA Oss DIU Cave vetoes eae ve devon slo aye re a rar Sater ee tedene 20 6 949 

(CGE cx deek Gtarare acre Gubler ois 1h ee CeETE Case Bec ONaLole Choc 7 949 7 

Male swan Gays we erence ede Pecerete, cosets Pecks 6 5 956 

PSURs ONO ie ae earned eprem or Aa nin ose see ceereamionenne: 4 4 960 4 

(COE y.¢. Go oOo. 6 MoO G BoG 6 Ciao Room arton 1 4 961 8 

SANG SEOMC seven cweb etree c cuenssecndere dete va ies euSuisy srs) es S7y 3 4 965 

Hale mb UC ita cra, sesrcuch ele en seaten eons is suees iss istecd 7 972 

IDEN TAKS ol Geo aE on + Ob Cae ooo eles 3 975 

Shaletbpl uote rere cnciktce sera ty sate pees Sycnetes ete 2 7 982 

HANUSLONE Soames: -ueten seats ceens Sie eucisue Sie aoe ee soe 2 984 

Hale wmDIUWEs tars stays eke cnt Ph vente detowe sh 5 5, evs 6 990 

pT AEN (CPNTEIEH AVG hha te Neen Alon SE reat es ccna AS hoe CREE MER 3 993 

COE aod cigobote edn mr oceawos Pcie u, HOR ORaD 10 993 10 

SANGSLONE ra ens vee ar eels Peale Ace ee oe eeew ors reaaire oe 3 2 997 

PSH WIC ESSE Nao hits mm perce a OrnaD oC conic cectc Sac eee 1 998 

Sandstone... -..2..- Pe fot Woe PSR ets NS es ee § 1003 

pede) ey Toke 6005 hacen eRcnOnee he coe new eeu ee ee eae eee 19 1022 

Sales sDLUe lee eee Nas re dale wet Seeee ete nen eee 24 1046 

SANGELOMS Ere era ea erence nets erties oe nei 4 1050 

SES LOIS Gein igie op oelne.ptian Geritins Cerin cues 1 1051 

Sangeronersy. acess aries sees ts) canine Suen ew ele 26 1077 

Mississippian series: 

Tit aa eye ino a \eseesecive ey Ce RPR EAC cect, Bil cite a EERO Coes 39 1116 



CHAPTER VII. 

NOTES OF THE FOSSIL FLORAS OF THE PENNSYLVANIAN 

IN MISSOURI. 

Conditions of deposilion of Missouri coals——In the coal 

regions of Missouri fossil plants are relatively rare as compared 

with most other coal fields. This fact, which at first appears 

incompatible with the presence of so many beds of coal, each 

composed of the carbonized debris of plants, is due to the close 

proximity of the swamps, in which the coal-forming peat was 

laid down, to sea level. The coal swamps, which at most points 

are underlain by old soils still showing the roots of trees and 

smallér vegetal types in their places of growth, were in this 

part of the North American continent undergoing very slow 

depression while the mother peat was in the process of formation. 

In most areas the swamps sank below tide level before peat in 

sufficient thickness to form very thick beds of coal had been 

deposited. This appears fully to explain why the coals of Mis- 

souri are not thicker. 

A close examination of the coal beds in most exposures shows 

that the process of peat building was interrupted by invasions 

of salt or brackish water from the sea, which killed the fresh 

water or terrestial plant types from which the peat was being 

formed. In many places the top of the peat was more or less 

decomposed in the sea water or mixed with inwashed silts, so 

as to form dirty cap-layers, or portions were re-deposited in the 

dark, thinly stratified carbonaceous muds generally termed 

“black slate’? by the miners. In many places these black car- 

bonaceous muds contain the shells of Lingula and Orbiculoidea, 

types that were able to live in very shallowly inundated mud 

flats rich in organic matter. Further subsidence, generally 

favoring the access of clearer sea water over the submerged 

peat swamps, permitted the invasion of a varied fauna of “‘shell- 

fish,” including pelecypods, brachiopods, bryozoans and corals, 

as well as fish. Remains, often in great abundance, of these 

animals are found in the shales immediately overlying the 

principal coal beds in the State. With greater clearness of the 

water, tho still with very shallow depth of the sea, there were 
(256) 



FOSSIL FLORA. PAST 

laid down limestones or other lime-containing beds throughout 

the greater portion of the coal fields. These limestones, often 

spoken of as “‘cap-rocks’’, that overlie the coal beds, are largely 

composed of the remains of a great variety of invertebrate ani- 

mals, as well as of sea weeds that inhabited the transgressing 

seas. In each case where sea deposits such as those just de- 

scribed were laid down over the peat swamps, the resumption 

of peat-building of the quality necessary for the formation of 

good coal could not take place until changes in the elevation 

of the land (which are always in progress) again brought the 

coal-forming areas above tide level, and so permitted the re- 

occupation of these areas by the peat-forming plant life. 

It appears that when the peat deposits were submerged 

beneath the advancing sea, the rate of sedimentary deposition 

was so slow and the plants growing in the swamps were, in most 

areas, exposed so long to wave action and the agencies of de- 

_ composition, that only the more indestructible material, gen- 

erally comminuted and waterworn, became buried so as to pro- 

tect it from decay; hence in most places the roof shales covering 

the Missouri coal beds reveal little except spores, seed-coats, 

scales, and indeterminable parts of the stems and petioles of the 

plants that populated the swamps before the sea creptin. Here 

and there only was the subsidence of the swamp attended by 

such inwash of sediment from the land as to bury the fallen 

vegetation so as to preserve many of the ferns and other delicate 

plant forms from complete decay and destruction. Such dep- 

osition took place near Clinton, in Henry county, where at 

several of the mines large fragments of the fronds of ferns, 

some of which are very delicate and fragile, lie bedded in the 

shales like the dried plants between the sheets in an herbarium. 

The undestroyed plant substances are now converted to coal so 

that the actual fossil remains of the plants generally appear as 

black residues on the bedding surfaces of the shale. 

Not rarely the butts of the trees growing on the surface 

of the peat swamp at the time of the killing by the salt water 

invasion decayed downward, forming hollow stumps which were 

filled with mud or sand while still standing upright in their 

places of growth. These filled stump cavities, which are gen- 

erally surrounded by the thin coaly layer produced from the 

surviving resistant bark of the trees, form the “‘kettle bottoms” 

which are so frequent a sourre of danger in many of our coal 

mines. 
G—17 
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In some instances the conditions of decay have been such 

as to favor the silicification of a part of the buried plant debris. 

Most notable examples of such silicification may be observed in 

the vicinity of Madison, Monroe County. Here we find many 

of the stumps of the trees standing in the roof of the ancient peat 

bog, now a coal bed, to have been completely silicified. Ac- 

cordingly, as the erosion of the surrounding shales proceeds, 

the petrified stumps are revealed in all the aspect of slightly 

decayed, recently killed stumps, in their original position of 

growth. These remarkable petrified stumps are exactly similar 

in general appearance, in their relation to the underlying trans- 

formed fresh water peat, and in their envelopment by super- 

posed brackish or salt water carbonaceous sediments to the 

stumps to be found on the surfaces of the submerged fresh water 

peats at many points along the New England coast, such, for 

example, as Vineyard Haven, on the island of Martha’s Vine- 

syard; the valley of the Mystic River near Boston, and the 

partially submerged peat swamps along the beach near Nahant, 

Mass. The conditions of growth, of killing, of decay, and of 

subsequent burial, are practically identical. However, the 

stumps standing in the fresh water peats along the New Eng- 

land coast are not petrified, the original wood being but slightly 

altered. In some areas, at least, they have not yet been com- 

pletely buried. 

In connection with the discussion of the marine submergence 

which generally attended the formation of the Missouri coals, 

it may, in passing, be noted that the high percentages of sulphides 

found in most localities in the coals of Missouri, Kansas, and 

Illinois, are believed by the writer to be largely due to the con- 

ditions of submergence of the organic matter, as described, 

and the attendant activities of sulphur fixing bacteria. It 

would appear that the elements necessary for the formation of 

the sulphides were, in the Eastern and Western Interior basins, 

contributed in relatively large amounts by the erosion of the 

rocks environing these basins. 

The general physical conditions, including the physiography 

and climate, attending the formation of coal beds have been 

discussed somewhat fully by the writer in Bulletin 38 published 

by the Bureau of Mines. Therefore, he will here go no further 

in the discussion of this subject than to note that the fossil 

plants found associated with the coals of Henry County, which 

has furnished most of the paleobotanic material on which our 
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knowledge of the coal flora of Missouri is based, indicate the 

existence of swamps in which tall trees of Lepidodendron, 

Sigillaria, and Calamites grew in areas partly covered by very 

’ shallow fresh water. Many of the associated herbaceous types, 

belonging mainly to Sphenopteris, Neuropteris, and Pecopteris, 

were large, some of-them probably 30 feet or more in height. 

Others were slender, delicate-fronded types that climbed or 

clambered over the more robust species. The habit of these 

plants clearly indicates a tropical or sub-tropical climate, to 

which the large thin-walled cells of the wood, the absence of 

distinct annual rings, and the presence of structures adapted 

to the protection of the plants during dry seasons also point. 

The flora of the coals of Henry County contains some membra- 

naceous types, but many of the fern-like plants, including forms 

of delicate tropical habit, are villous or even coriaceous. Ac- 

cordingly, since the plants undoubtedly belonged to a swamp 

flora, it becomes probable that the xerophytic features were 

developed to enable the plants to withstand brief periods of 

lowering of the water level, i. e., short, dry seasons. That these 

dry seasons were not long, and that the general climate was 

amply humid, is shown by the structural adaptations of many 

of the types and by the formation of the peat itself. 

Paleobotanical correlations—While referring to the flora 

from the Henry County coals, the writer takes advantage of the 

opportunity to review and revise certain conclusions published 

in U. S. G. S. Monograph 37 as to the age of the plant bearing 

beds,—i. e., the shales over the coals at the Owen and Jordan 

coal banks and at Gilkerson’s ford of Grand River: 

At the time of writing the report mentioned above, when the 

floras of the different epochs in the type sections of the Penn- 

sylvanian in the Appalachian trough were but little known, 

it was concluded that the flora from the coals of Henry County 

was probably to be correlated with that of the middle or Kittan- 

ning group of coals in the Allegheny formation, the suggestion 

being made that the Owen coal flora might perhaps be as young 

as the Upper Kittanning coal florain Pennsylvania. Since 1898, 

the date of publication of that report, the writer has examined 

more fully the floras of the Allegheny formation, as well as 

those from many formations in the underlying Pottsville group, 

and it is in the light of these later studies that the following 

notes concerning the relations and the distribution of some of 
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the species from the Henry County coals are brought espe- 

cially to the attention of geologists and paleontologists. 

Among the species described in Monograph 37 Eremopteris 

bilobata D. W., really a representative of the genus Cheilanthites 

of Goppert, is a survivor of the Cheilanthites of the upper Potts- 

ville. Its latest near relative in America seems to be the Cheil- 

anthites (Sphenopteris) solida Lx., which is probably nearly con- 

temporaneous. The short, blunt, erose or denticulate lobes of 

Eremopteris missouriensis Lx. are in evidence of the descent 

of this species from the group represented in the Pottsville by 

the Ecemopteris Cheathami Lx. It iscomparable also to Sphenop- 

teris Royi Lx., fromthe middle Pottsville, and it finds close kin- 

ship in the plant from Coal “No. 2” of Illinois, recorded in 

the reports as Sphenopteris spinosa Goepp. 

The approximation of the age of the coals worked near 

Clinton to the uppermost part of the Pottsville epoch is possibly 

shown in no group more closely than in the round-lobed Cheil- 

anthites. The plant described by Lesquereux as Pseudo- 

pecopteris obtusiloba (Brongn.) Lx., plainly a Cheilanthites, is 

almost unknown in even the basal portion of the Allegheny 

formation in the Appalachian trough. It finds its closest 

relative in the Kanawha formation (upper Pottsville), where 

the species is developed in characteristic aspect. Mention 

should be here made also of the frond fragment with compact 

thick, round-lobed pinnules, shown in plate 7, figure 4 of the 

cited Monograph, which represents a plant possibly indistin- 

guishable from an undescribed but widely distributed species 

of Cheilanthites that is characteristic of the upper Pottsville. 

Of the species from the Henry County coals that have been 

referred to the genus Mariopteris, MM. sphenopteroides (Lx.) 

Zeill. is best known in the flora of coal No. 2 in Illinois, while 

the fragment described as the ‘“‘Mariopteris sp.”, in plate 9 

of the Monograph is very distinctly uppermost Pottsville in 

facies. Another species pointing toward a very late Pottsville 

date for the Henry County coals is Crossotheca ophioglosoides 

(Lx.) D. W., a plant almost unknown above the lowest horizon 

of the Allegheny formation. It belongs to a type characteristic 

of the highest coal of the Kanawha formation, namely, the 

Upper Mercer. Further, Pecopleris vestita Lx. represents a 

form that is now recognized as essentially characteristic of the 

Mercer coals, though it seems to be present also in the lowest 

portion of the Allegheny formation. 
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The plant described by Lesquereux as Pecopteris Clintoni 

has a close parallel in the Mercer coals, where is found also a 

species, possibly indistinguishable from Pecopteris Jenneylt, 

which at the time of its description was regarded by the writer 

as tending to show a rather late Kittanning age for the Henry 

County coal beds. 

The Neuropteris described by Lesquereux as NV. missouriensis 

belongs unquestionably to the N. flexuosa group, being but little 

removed from the latter species. It has no known representa- 

tion above the Mercer coals in the Appalachian or other American 

coal fields. In this connection it may be remarked that Linop- 

teris Gilkersonensis D. W. perhaps equals Neuropteris missou- 

riensis in weight of evidence for the lower stratigraphic reference 

of the flora of the Henry County coals, since it, too, is highest 

Pottsville in facies. The genus Linopteris is unknown below 

the Mercer coals. 

Passing from the Cycadofilices and ferns to the other plant 

groups described from Henry County we note that types possibly 

indistinguishable from Sphenophyllum fasciculatum (Lx.), seem 

to be rare if actually present in post-Pottsville beds. 

On the other hand there are in the flora of the Henry County 

coals many plants such as Callipteridium Sullivanti (Lx), Weiss, 

which are, in general, to be regarded as indicative of Allegheny 

age. Other species, such as Sphenopteris mixta Schimp, Oli- 

gocarpia missouriensis Lx., a very large and rather delicate type, 

and Aletkopteris ambigua Lx., suggest an horizon very low in 

the Allegheny. It may be noted also that Callipteridium Sulli- 

vanti, though apparently confined to the Allegheny formation, 

seems most at home near coal “‘No. 2” in the Eastern Interior 

Basin. 

From the foregoing it will be seen that the evidence of the 

fossil plants, as interpreted according to our present knowledge 

of the Pennsylvanian flora, indicates for the Henry County coals 

an horizon at the base of the Allegheny formation, if not, as 

seems slightly more probable, in the uppermost portion of the 

Pottsville. 

The flora of the Bevier coal in the region north of the 

Missouri River is not well known, but a small collection of fossil 

plants has fortunately been gathered from this horizon at Bevier. 

Since this later-collected paleobotanical material has not yet 

been systematically studied and compared, the correlative 

conclusions based upon its preliminary inspection are but 
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tentative. It appears, however, from a superficial examination 

of the plant material from this horizon, that the Bevier coal 
is probably very closely contemporaneous with, if not actually 

identical, with the Murphysboro coal (“No 2’’) of western 

Illinois, which undoubtedly is of very nearly the same age as 

the Brookville coal, at the base of the Allegheny formation in 

the Appalachian trough, and which in Illinois is, with its under- 

clay, made the base of the Carbondale formation. ‘This tenta- 

tive correlation, based upon the fossil plants, has, in the judg- 

ment of both Mr. Henry Hinds and the writer, found a measure 

of corroboration in the stratigraphic features of the beds en- 

closing the coal. 

The somewhat meagre material secured from the roof of 

the Bevier coal does not seem to include such a representation 

of the more ancient elements in the flora of the Henry County 

coals as would naturally be expected were the latter-coals equal 

to or later in age than the Bevier coal. It is therefore reasonable 

to conclude that the Henry County coals, (Owens and Jordans 

Banks) are not younger than the Bevier coal. On the other 

hand, it appears slightly probable that they are, in fact, a little 

older. A direct comparison of the flora of the Jordan coal in 

Henry County with that of the Murphysboro coal in Illinois 

likewise leads to the provisional conclusion that the former is 

slightly earlier in age, thus tending to favor its reference to the 

uppermost Pottsville, to which epoch, in the light of the infor- 

mation obtained since 1898, it is accordingly tentatively assigned 

by the writer. 

The paleobotanical evidence now available, though not 

fully investigated, points toward the correlation of the Bevier 

coal in northern Missouri with coal “‘No. 2”’, the Murphysboro 

bed, which with its underclay forms the base of the Carbondale 

formation in Illinois. 



CHAPTER VIII. 

INVERTEBRATE PALEONTOLOGY. 

BY GEORGE H., GIRTY. 

DISCUSSION OF FAUNAS. 

The collections on which this discussion of the invertebrate 

paleontology is based are the work of many hands. By far the 

largest number were procured by Mr. F. C. Greene, though 

others shared in the work. Much of the Cherokee material 

was collected for the United States Survey by Mr. Gilbert Van 

Ingen. In all, the collections upon which this report is based 

amount to 253, and they include representatives of nearly 350 

species. The largest number from one formation is 53, from 

the Cherokee shale, and the most varied fauna is that of the 

Douglas formation, which contains 148 species; the Kansas City 

formation with seven more collections lacks only 4 or 5 species 

of containing an equal number. ‘The following list shows these 

data by formations: 

Collections. Species. 

Wabaunsee formation....:..........:.: 4 9 

Shawnee tormation: « . <1e 26 ses ss ern ole 20 100 

Douwglashrormila FiO Miya eeu tors eicesueeten 40 148 

Mansin eet orm atlOn\-\cperenct-/aiiteicicee neers 35 114 

Kansas City formation................ 47 143 

Pleasanton eformabiony. 2). sis esl. else) = 1 19 74 

ElenricttaytOnma tions) owe ie scnsts nue) Se che ec. 35 83 

C@herokealshaletece. = act te eee errors 53 120 

MEOW Sat oR ecovre Deiat oc COMO O 253 

The mere handling of so much material, aggregating many 

thousands of specimens, has been a task of large proportions 

and I have received some help both from Mr. Greene and from 

Mr. P. V. Roundy, by whom some of the collections were sepa- 

rated and identified. All identifications were carefully reviewed 

by me, however, except a few species of fenestelloids determined 

by Mr. Greene. 

It may be worth while to consider what object is sought 

in such work as this, whether the object has been attained in 

the present instance, and whether the results justify labors so 
(263) 
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considerable. Although a certain number of new species 

were discovered in the course of this investigation they by no 

means furnished the motive for the work, nor would they be 

any adequate return for that which has been performed. Indeed, 

it would have been practicable to pick out the new species and 

describe them without doing much of the work which was 

done. 

The desirability of supplementing such careful stratigraphic 

work carried on over so wide an area by a report on the fossils 

obtained, and the opportunity of making a comprehensive study 

of faunas of so extensive a section under such favorable con- 

ditions, were the actuating considerations for an undertaking 

of which the results make but a small showing for the time 

and pains demanded. Although considerable attention has 

been given to this same line of research in the neighboring 

state of Kansas, the present investigation, which concerns a 

different though contiguous area, promised both to add to the 

other and to furnish a check upon it. 

In all nearly 350 species have been recognized in our col- 

lections from the Pennsylvanian rocks in Missouri. Besides 

ascertaining the range of these species in the section and their 

varying assemblages into the formational faunas, an interesting 

field of research would be to trace the changes which some of the 

long-lived species underwent, changes which might not warrant, 

or at least have not warranted, recognizing them as more than a 

single species, but which might prove to have a fixed place in 

the sedimentary record and thus to be capable of serving as an 

index, when checked by other evidence, of the age of any fauna 

brought into question. A typical species for an investigation 

of this sort would be Composita sublilifa, under which are united 

quite a variety of kindred and connected forms, which no one 

has as yet had the hardihood to distinguish and to name. Prob- 

ably they are not separate species, but probably some of them 

would be found to have a place in the development of the type 

in geologic time. From the enticements of this field of research 

I have had to turn away, the lack of time and the pressure of 

other duties preventing me from entering it. My work has 

thus perforce been prosecuted along broader or at least other 

lines and-is conditioned on the acceptance of most of the specific 

units as with their time-honored boundaries. 

The best method of conducting an investigation such as 

this, is to break up each collection into its constituent species, 
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and to assemble for study at one time the specimens of each 

species from all the localities at which it has been found. Besides 

opening the way to a complete and comprehensive study of every 

species, this method enables oné to identify many specimens 

otherwise indeterminable by establishing a reasonable specific 

identity with better specimens which are determinable. It 
crystallizes the specific concept while confusing the faunal con- 

cept. This method for several reasons I have not adopted 

here. The species have been identified collection by collec- 

tion, but although this has been a slight disadvantage, sufficient 

care has been exercised and sufficient checks have been applied 

to make the identifications accurate and consistent. In certain 

groups greater refinement is both desirable and possible. 

My treatment of the Fusulinas is very inadequate and my 

determinations of many of the Bryozoa unsatisfactory. Both 

groups require special study by means of thin sections and con- 

stitute little problems by themselves, but their investigation 

was not vital to my purpose and I could not command the time 

to undertake it. It must not be understood, however, that 

many of the Bryozoa have not been thin-sectioned and much 

study given to their identification. 

In choosing the form of presentation of the evidence in 

such a study as this for the judgment and use of other paleontol- 

ogists, much depends on the nature of the case. If the faunas 

have been little studied and have a more or less peculiar facies 

with many of the forms doubtfully identical with described spe- 

cies, it is almost necessary to furnish illustrations and de- 

tailed descriptions which may serve as vouchers for the identi- 

fications and for the conclusions in correlation that are based 
upon the identifications. This method is less essential in the 

present case, for Missouri is part of the paleontologically best- 

known Carboniferous area of America and most of the species 

found in the collection are common and have been described and 

figured over and over again. Consequently it has been thought 

necessary to figure or describe in the present paper only 

the new species or those about which some question had arisen. 

Most of the features that invite comment in these faunas 

are mentioned under the formations in which they are exhibited. 

As in Kansas so here the rocks forming the geologic column of 

the Pennsylvanian consist of alternate limestones and shales. 

Many of them were originally regarded as formations and named 

as such, but here they are considered as members of larger 
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groups which are designated formations and to which they 

are severally assigned. It has been noted in the Kansas section, 

and is equally true of this, that but few of the shale members are 

fossiliferous and that most of the invertebrate fossils occur in the 

limestone members. It has sometimes been held, and reasonably 

so in so far as faunal facies are governed by habitat, that one 

type of fauna, broadly speaking a molluscan fauna, occurs in shale 

formations and another type of fauna, a molluscoidean fauna, oc- 

curs in limestone formations. To some extent this generaliza- 

tion is borne out by the collections from the Missouri coal field. 

That it is not more amply supported by this evidence may be 

due to several causes. The conditions that determined the 

deposition of beds of shale or of limestone are probably only 

one of the factors that determined the character of the marine 

animals found in them. Again it is fairly certain that all Mol- 

lusca, or all Molluscoidea, were not adapted to one environment. 

Certain types of the one doubtless throve best in the environ- 

ment generally most suited to the other. It is also not improb- 

able that many of our fossils have been swept by currents from 

the place where they lived and died, into an alien and unfavor- 

able environment. Furthermore, although the sedimentary 

record, as I have already mentioned, is expressed lithologically 

in terms of alternating shales and limestones, there is of neces- 

sity some limestone in the shale members and some shale in the 

limestone members, so that if we had the complete facts at our 

disposal the theory might receive even more support than 

now appears. However that may be, as represented in my 

collections, some of the shale faunas abound in brachipods 

and some of the limestone faunas are relatively speaking rich 

in pelecypods. Indeed, to a certain extent the formations here 

considered expressed themselves biologically in faunas in which 

the molluscan and molluscoidean elements predominate alter- 

nately, although in the formations as a whole one kind of 
rock does not seem to prevail and the fossils themselves 

were derived chiefly from the limestone members. Too little 

attention has been paid to the relationship between fossil faunas 

and their environment expressed in terms of lithology, although 

the subject forms an attractive, if difficult, field of investiga- 

tion. 

The occurrence at different horizons of dwarf faunas, or 

faunas in which most of the species are of conspicuously diminu- 

tive size, has long been the subject of comment. In so far as 
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my personal experience goes, these faunas are relatively rich in 

pelecypod and gastropod types, and although brachiopods 

may be numerous as individuals, they are apt to be below 

normal in variety, at least in comparison with the molluscan 

representation. Such a fauna is one that was collected at 

Kansas City in the Kansas City formation, and that intro- 

duces into the fauna of the Kansas City formation, otherwise 

composed largely of brachipods, a noteworthy assemblage of 

pelecypods and gastropods. Faunas of this type occur usually 

in an oolitic rock and this holds true of the collection imme- 

diately under discussion. It 1s not, however,-true that all faunas 

that existed under conditions conducive to the formation of 

oolites were subnormal in size. It is interesting to remember 

that the Kansas City occurrence is supposed to be at the horizon 

of the Drum limestone of Kansas. At the typical locality of 

the Drum, however, the Drum limestone is conspicuously 

oolitic, yet the fauna which it contains is not only abundant 

but peculiarly robust in the size of its individuals. 

CHEROKEE SHALE. 

This, the basal formation of the Pennsylvanian in this 

region, is at once the thickest of the section and also that from 

which the largest number of collections has been made. These 

are 53 in number, while the number of species entered in the 

table is 120. 

Taken as a whole the fauna is more well-balanced than 

many which occur in the Pennsylvanian, the three great groups 

of brachiopods, pelecypods, and gastropods being well represent- 

ed, the former somewhat less, the two latter more abundantly 

than usual. The almost complete absence of Bryozoa, even 

of the fenestelloids, is noteworthy. 

If I were to give a zonal name to this formation because of 

some ever-present and ever-abundant species, I would call it the 

Marginifera muricata zone both because that species is so per- 

sistent in this fauna and because it is found sparingly at 

higher horizons. As is not unusual where small Producti are 

abundant, the larger types are less well represented. This is 

true to some extent of the fauna as a whole but is still more true 

of individual faunules in which the Marginiferas are abundant 

and the larger Producti scarce or absent (e.g. Pustula semipunc- 

tata). Some of the other common Pennsylvanian types of 

brachiopods also are scarce or absent altogether. Among the 
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rare forms, Meekella, and among the absent ones, Enteletes, 

are perhaps most conspicuous. Even the ubiquitous Com- 

postta subtilita is not as a rule abundant. On the other hand, 

Chonetes mesolobus or the variety decipiens is persistently present. 

The appearance of conodonts also at this-horizon is a new and 

striking feature. 

When considering the significant Brachiopoda, I must not 

fail to mention Spirifer rockymontanus which is undoubtedly 

present in the lowest fauna of both the northern and southern 

areas, though it is rare. Spirifer rockymontanus is abundant 

in the Rocky Mountain region and westward; it is abundant 

elsewhere in the Mississippi Valley at a lower and possibly at the 

same horizon as the Cherokee shale, and it is also abundant in 

the Appalachian region. Its almost complete absence then 

from the Pennsylvanian rocks of Kansas and Missouri is a 

very striking thing. That it does occur in the basal rocks 

of this section is a fact which tends to give it stratigraphic 

rather than regional significance. In Pennsylvania Spirifer 

rockymontanus is abundant in the Allegheny formation but 

Professor Raymond does not record it from the Conemaugh. 

The present occurrence then would suggest that the Cherokee 

shale was as young as the Allegheny formation, an inference 

with which the rest of the invertebrate evidence is at least 

not at variance. 

Conspicuous among the local collections is a gastropod 

fauna which was obtained from the lower part of the formation 

and in the southern area. This is exemplified by lot 1268A2, 

of which the gastropods comprise no less than 18 out of the 27 

species recognized, or two-thirds of the whole fauna. These 

chiefly belong to the groups of Naticopsis, Bulimorpha, and 

Loxonema, and for the most part their appearance in the fauna 

is confined to this one occurrence. 
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HENRIETTA FORMATION 

To the Henrietta formation have been referred 35 collec- 

tions distributed thus: Pawnee limestone member 8 lots, 

Labette shale member 2 lots, and the Fort Scott limestone 

member 25 lots. 

The accompanying table shows the species identified in 

each collection and the final columns give the faunas of the three 

members as obtained by grouping the individual lots in the 

manner indicated. The whole formation as represented in our 

collections has a fauna of 83 species, of which no less than 78 

have been found in the Fort Scott limestone, 11 in the Labette 

shale, and 32 in the Pawnee limestone. All but 5 of the Pawnee 

species have been found in the Fort Scott limestone. Neither the 

species newly introduced into the Labette shale nor those first ap- 

pearing in the Pawnee limestone are of much significance, being 

unidentified or doubtfully identified (as Aviculipecten sp.), or 

represented by single specimens (as Sanguinolites costatus and 

Dielasma bovidens). 

Compared with the fauna of the Cherokee shale that of the 

Henrietta formation is much less varied and in especial it contains 

a much smaller representation of the true Mollusca. Of the 

Cherokee the rich pelecypod and gastropod faunas are striking 

features. In neither formation do the cephalopods show either 

number or variety, at least in so far as my collections correctly 

represent the fact. 

It is perhaps noteworthy that the Fusulinas are, found in 

both formations, modestly perhaps, yet persistently. The 

corals show little that is noteworthy except the presence in both 

formations of Chaeteles milleporaceus, a fossil which seems to be 

rather characteristic of this general horizon and which is abund- 

ant in the Fort Scott and Pawnee limestones at their typical 

localities. Crinoids are rare in both formations and are repre- 

sented only by separate plates and stems. From such sporadic 

representation no safe inference can be drawn. Much the 

same must be said of the Bryozoa which are rather scanty, 

fragmentary, and poorly preserved. The presence in both-* 

faunas of the interesting species Prismopora triangulata seems 

deserving of comment. 
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In the Henrietta formation and to a less degree in the 

Cherokee the brachiopods form the dominating faunal element. 

The species are much the same in both but several features are 

worthy of mention. The absence of Pustula semipunctata 

in the Henrietta formation is singular though probably not 

significant since it comes in again at higher horizons. The 

abundance of Marginifera muricata in the Cherokee has already 

been noted. It is found also in the Henrietta formation but in 

much fewer collections and in much less abundance. Still 

among the Productoids, the presence of. Tegulifera (probably 

T. kansasensis) in the Henrietta fauna is of interest. The 

absence of Spirifer rockymontanus in that fauna is not only 

interesting but significant for it is abundant at lower horizons, 

occurs also in the Cherokee but, so far as my experience extends, 

it does not appear again in this region. ‘The rest of the spire- 

bearers demand no comment. They represent the same species 

and are abundant in both formations. Pugnax rockymontana 

in the Cherokee and Cryptacanthia compacta in the Henrietta 

are rare types in this region and interesting on that account, 

but because of their rarity their significance must not be ac- 

counted great until their range is better known. 

The Cherokee fauna shows 25 species of pelecypods as 

against 7 in the Henrietta, and 31 species of gastropods as 

against 7 in the Henrietta, a number of species in both faunas, 

be it noted, being unidentified. In the main the pelecypods 

and gastropods of the two faunas are different. The representa- 

tion is so unequal, however, as to discourage inference. Clino- 

pistha radiata var. levis and Cardiomorpha missouriensis (which 

occurs also in the Cherokee fauna) are noteworthy occurrences 

in the Henrietta. 

Considered by themselves the collections of the Henrietta 

formation have little of note, being much alike in their specific 

content and presenting a facies monotonously familiar in the 

Pennsylvanian. An interesting exception is the collection from 

1254B1 which is supposed to represent an horizon close to the 

Fort Scott limestone. The fossils occur in a dense and very fine 

limestone which, if not weathered, is intensely black in color. 

“Small coiled shells a millimeter or so in diameter fairly crowd 

this rock and seemingly represent the larval stages of 2 or 3 

species of Goniatites, of which some of the larger shells have 

been identified as Gastrioceras welleri and Milleroceras parrishi?. 

nM 
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Cardiomorpha missouriensis also is abundant. Lima gregaria 

is rather rare and two gastropod types are represented by a 

poorly preserved specimen each. Altogether the like of this 

little fauna is not found elsewhere in the collections. 
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PLEASANTON FORMATION. 

The collections from the Pleasanton formation are 19 in 

number and contain representatives of 74 species. Of the 19 

collections 5 are from southern Missouri and 14 from northern 

Missouri, and of the 74 species 33 are from the southern and 

55 from the northern part of the State. The fauna of this forma- 

tion shows considerable geographic differentiation, only 14 

species being held in common by the northern and southern 

collections. This means that over 51 per cent of the southern 

fauna and over 74 per cent of the northern is peculiar to one 

and excluded from the other. The southern fauna is strong 

in crinoids, bryozoans, and brachiopods but weak in the true 

molluses. The northern fauna, on the other hand, is strong in 

the true molluscs but weak in the other types. This is well 

shown by the table. 

If we consider the southern fauna more particularly, 4 of 

the 5 collections are from the lower shale, regarded as prob- 

ably representing the Bandera shale of Kansas, and one is from 

a limestone regarded as probably representing the Altamont 

limestone of Kansas, and of the 33 species comprised in the 

collections only six were found in the limestone and every one 

of these occurs also in the shale. ‘These two members are not, 

however, distinguishable in the northern part of the State, but 

the formation is there parted by a conspicuous unconformity 

above which 4, and beneath which 10 of our 19 collections were 

obtained. This break in sedimentation does not seem to find 

any noteworthy expression faunally. The beds above the 

unconformity have yielded us only 13 species of which 8 were 

collected also below the unconformity. ‘The five forms which as 

yet have not been found below it are not diagnostic in any way, 

are in fact mostly undetermined species. 

As compared with the fauna of the underlying Henrietta 

formation, this shows the differences to be found between two 

faunas in which the Mollusca and Molluscoidea, respectively, 

predominate. In this respect the Pleasanton fauna of the 

south is much more like the Henrietta fauna than is the Pleasan- 

ton of the north. The lower organisms show little of contrast 

in the two formations. The Bryozoa and brachiopods are much 

more richly developed in the Henrietta than in the Pleasanton. 

Most of the Pleasanton species, however, occur in the Henrietta 

also, and most of the Henrietta species which are not recorded 
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in the Pleasanton come in again at higher horizons. On the 

other hand the pelecypods and gastropods are abundant and 

varied in the Pleasanton, but rare in the Henrietta and what is 

more the Henrietta gastropods and pelecypods are not those of 

the Pleasanton but show in fact much that is peculiar whether 

comparison is made with the Pleasanton or with later faunas. 
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KANSAS CITY FORMATION. 

The Kansas City formation includes in ascending order the 

following members: Ladore shale, Hertha limestone, Bethany 

Falls limestone, Galesburg shale, Winterset limestone, Cherry- 

vale shale, Drum limestone, Chanute shale, and Iola limestone. 

As usual the shale members have proved scantily fossiliferous, — 

most of the 47 collections having come from the limestones. To 

this an exception must be made of the Chanute shale with its 

two limestone lentils and the Cherryvale shale. The different 

collections are distributed in the nine members of the Kansas 

City formation as follows: To the Hertha limestone belong lots 

233 and 423; the Ladore shale has furnished no fossils; the 

Bethany Falls limestone has given lots 201, 250, and 419; the 

Galesburg shale seems to be unfossiliferous; the Winterset lime- 

stone had yielded lots 426, 645, and 646; the Cherryvale shale 

lots 162, 164, 167, 193, 194, 210, 216, 217, and 644; the Drum 

limestone lots 415 and 429; the Chanute shale lots 172, 173, 

174, 176;-190; 195; 413, 414° 416, 417; 418)" 422) 424 

429a, 656, 681, 683; and the Iola limestone lots 166, 168, 

182, 196, 215, 421, 676, 678, 679, 684. 

The Kansas City is represented by more numerous collec- 

tions than any formation except the Cherokee, and by a more 

varied fauna than any except the Pleasanton. The collections 

number 47 and they include representatives of nearly 143 

species. The fauna is broadly varied as is shown by the presence 

of protozoans, sponges, corals, crinoids, bryozoans, pelecypods, 

gastropods, cephalopods, trilobites, and ostracods. The bryozoans 

are répresented by 24 species, the brachiopods by 24, the pelecy- 

pods by 27, and the gastropods by 27, the other groups by a 

few species each. It is noteworthy, however, that the pelecy- 

pods and gastropods are found mostly in two collections, de- 

prived of which the fauna would be confined largely to the 

bryozoans and brachiopods, and would thus present the usual 

contrast to the Pleasanton fauna in which the molluscan phase 

predominates. 

The two peculiar collections are 426 and 429 which add to 

the fauna of this formation no less than 47 species, mostly pelecy- 

pods and gastropods, not contained in the other collections. 

One of these lots, 429, is practically all that we have from the 

Drum limestone in this area, the other Drum collection (415) 

containing only two species, This fauna is interesting in more 
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ways than one. The fact that it is largely a molluscan fauna 

has already been pointed out. In this respect it retains its origi- 

nal character, for such is the Drum limestone at Drum, in Kansas. 

The fauna at Drum is characterized by a robust growth of the 

varied forms there found. The fauna of lot 429, on the other 

hand, is a typical dwarf fauna, most of the specimens being dimin- 

-utive in the extreme. For this reason their identification pre- 

sents some difficulties, theoretical as well as practical. It 

has, for instance, seemed best to refer to established species 

gastropods whose much smaller size, combined with the develop- 

ment of an equal or even greater number of whorls, would 

ordinarily afford grounds for believing them distinct. The 

rock at this locality is an oolite, thus answering one of the re- 

quirements of the typical dwarf fauna, but the rock at Drum also 

is oolitic and the fossils robust, which shows that though the 

conditions under which some oolites were formed were un- 

favorable to invertebrate species and tended to dwarf their 

growth, the conditions under which other oolites were formed 

rather stimulated than retarded such development. I may 

note also that in general, so far as I recall my personal experi- 

ence, organic remains abound in oolitic limestones, though they 

may be worn or fragmentary, and that the faunas are as a rule 

poor in brachiopods and rich in pelecypods, gastropods, and 

sometimes in bryozoans. 

In connection with lot 429, I should also mention lot 429a 

which was obtained at a higher horizon in the same section at 

Kansas City, Missouri. It is not definitely known in what 

formation this collection was made, whether in the Drum lime- 

stone, in the Chanute shale above, or even in the Iola limestone. 

Lithologically this collection is not a shale but a shaly limestone 

and it differs from lot 429 in not being oolitic. Corresponding 

to this lithologic, there is also a faunal difference, the fauna of 

lot 429a consisting mostly of brachiopods and bryozoans and 

containing no molluscan types at all. Lot 429a is at present 

tabulated with the Chanute shale. Its removal from. that 

member to the Drum would make little or no difference in the 

fauna known from the Chanute, but it would add to the Drum 

a number of species which our collections (very incomplete be it 

remembered) do not show from that horizon. 

Considered as a whole the fauna of the Kansas City forma- 

tion appears from the collections at my disposal to be a fauna 

of corals, crinoids, bryozoans, and brachiopods except for two 
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abnormal collections which introduce a varied pelecypod and 

gastropod element. The Bryozoa compared with those of 

lower horizons are numerous and varied. The brachiopods 

include all the familiar types. Among them Chonefes verneuil- 

ianus is so persistently present and so abundant that this might 

appropriately be called the Chonetes verneuilianus zone. The 

fusulinas are likewise abundant for the first time and I find a 

shifting from the Girtyina! type to the Fusulina ss. type. It 

is true that the fusulinas do occur at lower horizons and that 

they do not occur in many collections from the Kansas City 

formation, but in others they are abundant, some hand speci- 

mens being thickly covered with them. 

Some features in the development of the Pennsylvanian 

faunas within the Kansas City formation are deserving of 

mention, such as the coming in of interesting spongoid types 

related to Heliospongia ramosa and Coelocladia spinosa and 

others. They appear in the Chanute shale and Iola limestone 

and we shall find them recurring at higher horizons. The chief 

representation of the Bryozoa appears to be in the upper part 

of the formation, in the Chanute shale and Iola limestone. 

Peculiarities in range of some of the brachiopod species are 

shown by the table but their significance, if any, is not under- 

stood. As already noted, the molluscan representation is con- 

fined largely to two collections and consequently we find these 

types chiefly in two formations, the Winterset limestone and 

the Drum limestone. It is interesting to note how little these 

two faunas have in common. Aside from this, I see little in 

these molluscan types which calls for further comment. They 

consist of well-known and for the most part long-ranging species. 

The Kansas City fauna contains nearly twice as many species 

as that of the Pleasanton formation preceding. The number of 

brachiopods remains about the same, the expansion taking place 

in the other groups. Among the corals it appears that Chaeletes 

milleporaceus makes its final appearance in the Pleasanton. The 

crinoids and Bryozoa show a much greater representation in 

the Kansas City formation but most of the Pleasanton forms 

occur also in the higher fauna. I note neither final appearances 

nor first appearances in these groups that may be counted 

significant. The brachiopods are much the same in both. The 

predominance of Choneles verneuilianus in the Kansas City 

formation has already been remarked and with it should also 

‘This type appears to come in again, however, at higher levels, 
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be noted the disappearance of the mesolobus type of Chonetes, 

which is so abundant as to characterize the earlier faunas. 

The occurrence of Marginifera wabashensis and Tegulifera 

kansasensis in the Kansas City formation deserves comment; 

otherwise the Productus group retains its accustomed aspect. 

Among the pelecypods the introduction of Leda arata 

(instead of Leda bellistriata and Leda meekana) and the varied 

representation of Myalina are interesting features of the Kansas 

City formation. Other peculiarities may be passed over, 

attention only being called to the fact that while the pelecypod 

faunas of these two formations consist of more or less common 

species they are conspicuously different, though with our still 

imperfect knowledge of the range of these forms the import- 

ance of this difference is hard to estimate. 

The Pleasanton fauna is to a considerable extent charac- 

terized by its gastropod representation, and that group is much 

more numerous though represented by much fewer species than 

it is in the Kansas City formation. This is conspicuously shown 

in the Bellerophon group, in the Pleurotomarias, and in the 

Sphaerodomas and Meekospiras (both of which are almost 

absent from the Kansas City formation). The Kansas City 

formation, however, shows a better representation along other 

lines as in Murchisonia, Naticopsis, Zygopleura, and a few 

other genera. 

The Kansas City is the lowest formation of the Missouri 

group, so that the differences between its fauna and that of the 

Pleasanton formation, to some extent mark the transition from 

the Des Moines group to the Missouri group. Some of these 

have already been noticed. The most striking differences 

between the faunas of these two groups as exhibited in our 

collections are the much greater abundance of Fusulina in the 

Missouri group, and the restriction of Girtyina to the Des Moines 

group; the restriction of Chaetefes milleporaceus to the Des 

Moines group; the much greater abundance of the Fenestel- 

lidae in the Missouri group, and the restriction of Prismopora 

to the Des Moines group; the restriction of Rhipidomella pecosi 

and Enteletes hemiplicatus to the Missouri group and of Chonetes 

mesolobus and its varieties, of Marginifera muricata, Pugnax 

rockymontana, and Spirifer rockymontanus, to the Des Moines 

group; the restriction of the Pterias, Monopterias, Pseudo- 

monatids, Pleurophori and Myalinas, not to mention less con- 
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scaphopods to the Missouri group, and of numerous species of 

gastropods to one group or the other. Many other differences 

are shown by the table and can be readily seen by any one. 

They are particularly numerous among the gastropods, but 

many can also be found among the pelecypods. These dif- 

ferences will probably be found much less sweeping in fact, 

however, than they appear to be in the table, for it is obvious 

that a species known from but a few specimens at one locality 

is less characteristic than a species known from hundreds of 

specimens at a score of localities. The ubiquitous brachiopod, 

therefore, furnishes more trustworthy evidence than the rarer 

pelecypod or gastropod. Partly because of their rarity, how- 

ever, these types appear to be more characteristic, because more 

restricted in range, than the other, though that appearance 

no doubt is to an unknown degree deceptive. 
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LANSING FORMATION. 

The Lansing formation includes the Lane shale, the Platts- 

burg limestone, the Vilas shale, and the Stanton limestone mem- 

bers, from all of which I have collections of fossils. Those from 

the Lane shale, including the Farley limestone bed, number 

14 (163, 171, 189, 275, 285, 285a, 286, 420, 657, 658, 663, 677, 686, 

and 688); those from the Plattsburg limestone number 9 (185, 

280, 295, 296, 659, 680, 682, 685, and 687); the Vilas shale has 

furnished but one collection (689), and the Stanton limestone 11 

(186, 277, 279, 279a, 290, 290a, 305, 306, 690, 691, and 692). 

In all, my collections from the Lansing formation number 

35 and they contain representatives of 114 species. The number 

of collections, the number of species, and also the number of 

members in the formation are fewer than in the preceding 

Kansas City formation. 

The interesting group of sponges which were noted in the 

Kansas City are continued into the Lansing formation and 

above it. The corals and crinoids are greatly reduced in 

number in the Lansing, but they are much the same as far as 

they go. The Bryozoa are likewise fewer in species, the Fenes- 

telloids especially, but here again there are no noteworthy 

changes. The striking form Cyclotrypa barberi is common to both. 

The Kansas City fauna, as we have seen, was largely a brachiopod 

fauna except for two collections from different horizons which 

introduced a varied molluscan element. The Lansing forma- 

tion also, though not for a similar reason, shows a good develop- 

ment of the molluscan and molluscoidean groups. Both faunas 

contain the standard brachiopod types but there are some in- 

teresting differences. Rhipidomella pecosi is abundant in several 

collections in this formation and above, but I have not found 

it in the Kansas City formation. Enteletes hemiplicatus, Derbya 

bennetti, and Meekella striaticostata are also not found in the 

Kansas City formation but appear to be introduced in the 

- Lansing. The deeply sinused Chonetes verneuilianus begins 

to be replaced by a form with slightly indented ventral valve 

which I am calling C. granulifer. The Producti show little change 

from those of the Kansas City formation except that P. insinuatus 

appears among them. ‘Tegulifera, on the other hand, has 

dropped out. Some of the Marginiferas take on a more strongly 

costate habit, and such have been distinguished in the table as 

M. wabashensis. 

The Lansing formation has 43 species of pelecypods as 

against 27 in the Kansas City, so that there must of necessity 
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be 16 species in the one fauna not found in the other. In fact 

the species common to the two faunas are very few. These 

differences can be seen from the table but the more impressive 

ones may be mentioned specially. A large Nuculoid which 

I have identified as N. anadontoides? is-abundant in several 

of the collections from the Lansing formation as well as in the 

following Douglas formation, but it does not apparently occur 

in the Kansas City formation. Leda arata, doubtfully identified 

in the Kansas City, is here fairly abundant, as it is also in the 

Douglas formation. The two species of Monopteria are added in 

the Lansing. The Myalinas, which were a feature of the Kan- 

sas City, are further developed in number and variety. The 

Pectens also add a few species to their number and the Pleuro- 

phorus group expands greatly. On the other hand, Astartella 

concentrica, which has been with us for so long, drops out, only 

to reappear however. 

The Lansing formation has fewer gastropods, 18 against 27, 

and on the whole the complexion of the gastropod element is 

considerably different. Indeed, it seems to be generally true 

of these formations that the gastropod representation is less 

constant than that of any other group. 

This may be due to the fact that gastropods are rather 

rare and that the fauna of the Pennsylvanian comprises in the 

aggregate a very large number of species, so that most collec- 

tions, containing but a few of them, are likely to show little com- 

munity in this type; or it may be that these fossils are in fact 

highly local in their distribution. There are, nevertheless, a 

number of species which have a wide distribution and a long 

range, and can be looked for in almost any carefully made 

collection east of the Rocky Mountains. Some of these are, how- 

ever, rare or lacking in the two formational faunas compared. 

Thus, Patellostium montfortianum is not found in the Lansing. 

Euphemus carbonarius has not been found in the Kansas City 

formation, and is doubtfully present in the Lansing formation. 

Phanerotrema grayvillense also is but rarely and doubtfully 

present in the Lansing. In this formation, on the other hand, 

begins the association of Aclisina quadricarinata and Goniospira 

lasallensis which occurs frequently in the formation above. 

Although the gastropods, cephalopods, and Crustacea do 

nol perhaps show as much difference as, all the circumstances 

considered, one might expect, the faunal change between the 

Kansas’ City and the Lansing formations is one of the most 

marked in this series of collections and it is well shown in a group 

— 
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in which experience has taught us to look for but little change, 

the brachiopods. 

Considered in their relation to one another the faunas of 

the Lansing formation require scant comment. Since the 

Lane shale is well represented in our fossil collections, and also 

the two limestone members of the formation, we might expect 

that the fauna of the one would contain most of the Mollusca 

and would differ from the two others, which would presumably 

have a predominant brachiopod facies. This proves to be only 

partly true since the fauna of the Lane shale contains a variety 

of brachiopods, etc., and the faunas of the Plattsburg and 

Stanton limestones are not poor in pelecypods and gastropods. 

Owing partly, no doubt, to the fact that our knowledge of 

the fauna of the Vilas shale is almost nil, so that a gap occurs in 

the paleontologic evidence below the Stanton limestone, a 

rather strong faunal change is noticed between the Stanton fauna 

-on the one hand and the Lane and Plattsburg faunas on the 

other hand. This is evidenced by the range of many species 

shown by the table. A few of these may be mentioned. The 

Fusulinas are largely confined to the upper fauna. The Fistuli- 

poras occur chiefly in the upper fauna, but the other Bryozoa 

chiefly in the lower. Meekella striaticostata is almost restricted 

to the upper horizon. Chonetes granulifer also is confined to the 

upper fauna, but C. verneuilianus is common to both. Pro- 

ductus insinuatus is found only in the lower; so is Marginifera 

splendens, while M. wabashensis is restricted to the upper. 

Dielasma bovidens, Hustedia mormoni, and Cliothyridina orbi- 

cularis are confined to the upper fauna. On the other hand, 

the Pseudomonotis types are wholly, and the Myalinas largely 

confined to the lower fauna. Indeed, the chief representation 

of the pelecypods, and still more of the gastropods is in the 

lower fauna, but not only do many species of the lower fauna not 

range into the upper but a considerable percentage of the few 

gastropods of the upper fauna are not known in the lower. 

In the Lane shale itself 9 out of the 14 collections belong to 

the Farley limestone bed. Lot 275 was obtained below the 

Farley; the other lots above it. Lot 275 does not possess any 

special features though its fauna is almost too limited to show 

any peculiarities that existed. On the other hand a rather 

marked difference seems to exist between the faunas of the upper 

and lower parts of the Stanton limestone member. The lower 

fauna is at least more varied though represented by fewer. 

collections. 
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DOUGLAS FORMATION. 

Our collections from the Douglas formation number 40 and 

contain representatives of 148 species. The formation consists 

of four members, between which the collections are distributed as 

follows: Weston shale 3 (lots 297, 301, 652), Iatan limestone 

9 (lots 274, 276, 281, 289, 294, 302, 304, 650, 651), Lawrence 

shale with the Amazonia limestone bed 12 (lots 205, 207, 208, 

213, 276a, 276b, 278, 282, 283, 298, 299, 300), and the Oread 

limestone 16 (lots 169, 170, 177, 178, 181, 184, 214, 219, 225, 

272, 273, 284, 291, 292, 293, 303). 

Of the entire series this is perhaps the richest horizon 

for fossil invertebrates, for, although the number of collections 

is somewhat fewer than those from the Cherokee shale and 

Kansas City formation, the total fauna is somewhat larger, 

while the collections contain more species and more individuals. 

Like the Lansing formation which precedes it, the Douglas 

formation is made up of four members, two shales and two 

limestones in alternation. The fauna is similarly varied and the 

number of collections and the number of species are about the 

same as in the Lansing, five more collections and thirty-four 
more species being found in the Douglas. 

Fusulinas are abundant in this formation as in the other 

and there are several species. One of them is the form on which 

my abandoned genus Triticites was based and which I conceive 

to be typical F. secalica, at least as nearly as can now be deter- 

mined. Besides this there is at least one other species, which 

may belong to the genus Girtyina. The corals are somewhat 

better represented in this formation and they are of more unusual 

types. Of the echinoderms, too, this formation has a somewhat 

better showing. Bryozoa are more varied but the representa- 

tion shows no noteworthy departures from those preceding. 

The brachiopods are sufficiently more numerous to be con- 

spicuous in a group whose differentiation in the Pennsylvanian 

is small and whose representation is usually large. Practically 

all the Lansing forms run up into the Douglas formation, the 

noteworthy exception being Productus insinuatus. The chief 

differences, of course, consist in the introduction of new species 

in the Douglas fauna. Of these the most interesting are 

Chonetes geinitzianus which is abundant, Marginifera lasallensis, 

and Tegulifera armata. The continuation into this fauna from 

the one below of Rhipidomella pecosi, Enteletes hemiplicatus, 
G—19 
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Meekella striaticostata, and Choneles verneuilianus is deserving 

of mention. 

In its pelecypods, on the other hand, the Lansing formation 

excels the Douglas, having 43 species as against 30. In general 

the pelecypod faunas of the two formations are closely related. 

The features which they possess in common are in fact more 

significant than those in which they differ. Among the latter 

the reintroduction of the Astartellas is perhaps the most peculiar. 

On the other hand, we note the continuance of Nucula anadon- 

toides? and of Leda arata in abundance, of Myalina, and of Monop- 

teria. 

In the gastropods again the Douglas formation is richer 

than the Lansing, having 32 species in more or less abundance, 

while the Lansing has 18 species more or less rare. The slit- 

bearing forms, the Bellerophons and Pleurotomarias, are par- 

ticularly strong in this fauna, but they are mostly of the standard 

Pennsylvanian species. Many of these appear to be missing 

in the Lansing formation, but it is doubtful if the absence of 

some of them has any special significance. Bellerophon stevens- 

ianus appears for the first time and it is abundant. Orestes 

intertextus also is introduced in this fauna and Trepospira spheru- 

lata reappears here. Aclisina quadricarinata and Goniospira 

lasallensis are abundant as in the preceding formation. 

In the Douglas fauna also we find some of the rarer scapho- 

pods. The cephalopods are rather better represented and so 

far as they go different. 

In their relation to one another the faunas of the Douglas 

formation present features worthy of notice. The most im- 

portant fact in this connection is that a new fauna comes in with 

the Oread limestone, or perhaps it would be better to say that 

a facies different from that of the three other members appears 

there. This is shown by the fact that the representation of some 

species is largely, and that of others entirely centered above or 

below the line that marks the division between the Lawrence 

shale and the Oread limestone. This is so well shown by the 

table that only a few species need be mentioned specially. 

Many whose range appears to be limited by the line dividing 

the Oread limestone from the Lawrence shale are of minor im- 

portance for they merely mark the non-appearance, for some 

reason, in one formation or the other of species which are found 

both above and below it. Of these, Fusulinas are an excellent 

example since they are almost confined to the Oread limestone 
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(13 out of 14 occurrences being found there), yet the same forms 

are found both below the Weston shale and above the Oread 

limestone. Chonefes geinifzianus, however, is an instance of 

another sort since it does not appear earlier, nor indeed later, 

in the section. Though it is abundant in the lower part of the 

Douglas formation I have only one occurrence of Chonetes 

verneuilianus in the Oread, nor have I recognized it above. 

The peculiarities of the Oread fauna must not be attributed 

to the contrast frequently observed between shale and limestone 

faunas, for of the three other members of the Douglas formation 

one is a limestone and one has a limestone bed, although the 

mutual agreement is in fact rather greater between the faunas 

of the two shale members and those of the two limestone mem- 

bers. As already remarked the Fusulinas of this formation 

occur mostly in the Oread limestone. On the other hand, the 

most varied representation of the echinoderms is in the Lawrence 

shale. With a few striking exceptions the chief bryozoan 

representation again is in the Oread. This is true also of the 

brachiopods, which are abundant in all four of the members, in 

the Lawrence shale no less than in the others. The Lawrence 

shale, however, furnishes almost all the pelecypods, only a 

scattering representation occurring in the three other horizons. 

To the Lawrence shale also must we look for the major part 

of the gastropods, cephalopods, and ostracods, although the 

Weston shale makes a fair showing. ‘The Jatan and Oread lime- 

stones, however, are very poor in those forms. 
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SHAWNEE FORMATION. 

The Shawnee formation comprises nine members, from only 

six of which have collections of fossils been obtained, the first, 

third, eighth, and ninth members being unrepresented paleon- 

tologically. The 20 lots from this formation contained in our 

collections are distributed as follows: Lecompton limestone 

5 (lots 183, 222, 224, 227, 288), Deer Creek limestone 3 (lots 

165, 191, 229), Calhoun shale 3 (lots 188, 197, 206), Topeka lime- 

stone 7 (lots 179, 180, 198, 199, 200, 211, 223), Severy shale 2 

(lots 212, 228). 

Although the number of members is twice as great as in the 

Douglas formation the number of collections is only half as many 

and the number of species is considerably less, only about 100 

here as against 148 in the other. 

In the Douglas formation the Mollusca were abundantly 

represented, both in species and in individuals. ‘In this they 

are relatively rare and the lower organisms predominate. The 

Fusulinas are still abundant, and as far as determined they 

belong to the same species as those of the Douglas. The echino- 

derms show about the same number of species but in that 

fauna the crinoids, in this the echinoids, are better represented. 

The echinoid development in these higher horizons of the 

Carboniferous seems in a measure to be characteristic of them. 

The Bryozoa of the Shawnee formation are very numerous in 

species and the fenestelloid types especially show much differ- 

entiation. The brachiopods manifest some noteworthy changes. 

Enteletes hemiplicatus appears no more, neither does Chonetes 

geinitzianus nor C. verneuilianus. The splendens type of Mar- 

ginifera seems to come in again, while Tegulifera drops out, 

but otherwise the brachiopod representation remains about the 

same, in variety at least. The pelecypods are, of course, much 

fewer, only 15 species having been recognized here, whereas 

the Douglas fauna contains 30. Of the absentees perhaps the 

most important are Nucula anodontoides, Leda arata, Monop- 

teria and Pseudomonotis. On the other hand, the Shawnee 

fauna contains no introductions of importance. 

If the pelecypod representation was small in comparison 

with that of the Douglas formation, the gastropod representa- 

tion is still more meager. Only 7 species are recorded while 

the Douglas contains 32. This shows, of course, a great dying 

out of species and as the Bellerophons and Pleurotomarias were 
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especially abundant in the Douglas formation, their all but 

complete absence from the Shawnee is one of the most striking 

faunal differences between the two formations. Aclisina quadri- 

carinata and Goniospira lasallensis which have been associated 

in so many collections do not appear among these of the Shawnee 

formation. The remaining groups, the cephalopods, trilobites, 

and ostracods, are poorly represented in both faunas and invite 

no comment. 

Of intrinsic peculiarities the fauna of the Shawnee formation 

possesses few. The most noteworthy is doubtless connected 

with lot 206, of whose 9 species only one was found in the other 

collections. It is this lot, which belongs in the Calhoun shale, 

that furnished all but one of the gastropods of the Shawnee 

formation, just as it is the Topeka limestone from which nearly 

all the pelecypods were obtained. The brachiopods are more 

generally distributed but the Topeka again furnished most of 

the Bryozoa and Echinodermata. It should not be forgotten, 

however, that our collections from this horizon are more numerous 

than from any other in the formation, and it is this factor and 

others equally adventitious, as well as the actual abundance of 

fossils in the beds, that give a color to the apparent facies and 

relations of faunas. 

Of the nine members comprised in this formation three of 

the shales and one of the limestones are not represented paleon- 

tologically. It does not appear that the two shale faunas differ 

from those of the limestones except that most of the gastropods 

occur in the Calhoun shale, and we have already seen that their 

appearance there is due to a single peculiar collection. On 

the other hand, it was a limestone, the Topeka, that furnished 

most of the pelecypod forms and although they are conspicu- 

ously less abundant than the brachiopods, it may be said of 

the pelecypods generally that they rarely play more than a sub- 

ordinate part in our Carboniferous faunas even where best 

represented. 
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WABAUNSEE FORMATION. 

The youngest formations of the Carboniferous do not 

occur in Missouri. The strata above the Shawnee formation 

all belong to the Wabaunsee formation, only the basal member 

of which, the Tarkio limestone (probably the same as the Bur- 

lingame limestone of Kansas) has been differentiated. The 

strata above the Tarkio limestone are regarded as probably 

representing the Willard shale, the Emporia limestone, and 

the Admire shale of the Kansas Survey. 

The collections obtained from the Wabaunsee formation 

in Missouri are few, and the faunas very small. Thus I have 

but one collection from the Tarkio limestone (lot 218), none 

from the Willard (?) shale, two from the Emporia (?) lime- 

stone (lots 220 and 226), and one from the Admire (?) shale 

(lot 221). In all, these collections contain representatives 

of only 9 species. The scantiness of this fauna is perhaps 

its most conspicuous feature, but it may also deserve notice 

that Fusulina continues to be abundant, that the mollusks 

are entirely absent, and that of the brachiopods, the Producti 

have not a single representative, a rather unusual thing even 

in a fauna as meager as this. 

TABLE SHOWING RANGE AND DISTRIBUTION OF SPECIES IN THE 
WABAUNSEE FORMATION.* 

gee | cas q q 
sys Ra ~S lo! 

Localities. Boz] 84 es |) Bs 
ges| ee | xe | gs 
ig || SF 3” x 

|8o 1 g= = a 4 Ze 
Species. Silene ol) ube 2 BE B 

| wy tS) wi: 8 - Oo Se > 
oO (=) e oO : > : - 

: : aes Zo l|| (BACH aller Riee 
a :3 Bl 2 ye 
aa) 2 ie 

IST aTSE CALM Care. cue fae -tsteersehe eae) shess) sinks © ne 
Lophophyllum profundum............... 
Batostomella sp. A........... 
Rhombopora lepidodendroides. . 
Chonetes granulifer........... aes 
PRAT RTLAXKY OSA E CLISIS Gree sn acnreeeeentienac oie Paredes rales es 
Pugnax osagensis var. percostata.........|....|.... x 
Amboccelia planiconvexa..:.............|....|.... x 
Compositasuptilitareey see eels sere ee elites x 

*The numbers at the head_of the column indicate localities which are described in the 
locality register on page 364. The final columns show the faunas found at different horizons 
in the Wabaunsee and are composed as follows: Lower limestone (Tarkio limestone mem- 
ber)—comprising lot 218. Lower shale (Willard shale?)—no collection. Upper limestone 
eeporia limestone)—comprising lots 220, 226. Upper shale (Admire shale?)—comprising 
(} 
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TABLE SHOWING THE RANGE OF SPECIES IN THE PENNSYLVANIAN 
FORMATIONS IN MISSOURI. 

Des Moines 
Group. Missouri Group. 

Species. 

eyeys 

sayo1gyO 

““moMRUlIoy 

eyoluea 

MOI euIOy 
uojuRseald 

“UO eUIoy AQID. sesuey “MOM eRUIIoOy 

sulsue'yT se[snoq oouMeYys 

* MOlIyeUIoOy 
dosuNeqe A 

“101, eUurIOF ““uor;eunIoy 

Protozoa— | | 
Busulina ‘sp. ‘cf. cylindrica)... =... slot tea DOU scatters (sane a ete ie, 
Fusulina secalica. . 
(husnlina spe 
Girtyina ventricosa . 
Girtyina? sp... ... ne : PS cers i mee 
Mindothyma ri SDs. certains cecelewe s[occnfes alle oe [OX 

XXX 
: Hae oe ob 

x xx hes 

Porifera— | 
Heliospongia ramosa ae ataael kts 
Coelocladia spinosa? 
Meeandrostia? sp......... Srey bites] vetoes | ou ctseenl eens 
Somphospongia multiformis?..:................ er Sl hance heron 

XX 
x 

x x 

Anthozoa— | 
Axophyllum cylindricum... . : 
Axophyllum infundibulum. 
Axophyllum sp. A.. 
Axophyllum sp. B. 
Axophyllum sp. C. 
Axophyllum sp. D. 
Axophyllum sp. E 
Axophyllum? sp. 
Lophophyllum alle 
Lophophyllum Gistonttuni senate amen 
Lophophyllum profundum..._. ; 
Campophyllum torquium. 
Amplexus sp 
Monilipora prosseri. . 
Cheetetes milleporaceu 

BOSS Ad: aM NAS 
: X: XXX: XXXXXXXX oe XX: : x 

Vermes— 
Spirorbis carbonaria. . . 
Serpulopsis insita. . 
Enchostoma sp... 
Conularia crustul 
GonOdonty sie aici leretranies Siege pect ene ee | X 

xx 
: XX 

x 

x 
Pelmatozoa— 

Echinocrinus agassizi . . 
Echinocrinus dinnini. 
Echinocrinus hallanu 
Echinocrinus longispina? 
Echinocrinus trudifer? . 
INcHIinGcrinusi spe tee eee rcs 
Hydreionocrinus Seanehor hers: 
Hydreionocrinus EAE) Oo 
Hydreionocrinus sp... . 
Delocrinus? sp..... 
Ceriocrinus craigi 
Ceriocrinus fayettensis . 
Ceriocrinus hemisphericus 
Ceriocrinus? sp......... 
Kupachycrinus harei?. 
EKupachycrinus magister. . 
Eupachycrinus tuberculatus 
Eupachycrinus verrucosus? . vealed’: . 
MUpachyCrimus: Sp. hrs iciece-cinicpay ceeuei de Mra anos enna J Save fee ee a crave {late a:tall lautelleats | Can ae ene 

xX 

x: XK! X&KKKX! 

XX! XX: 

Bryozoa— 
Fistulipora carbonaria............ 4s x 
Fistulipora ees var. 5 
Fistulipora eee aaa 
Fistulipora leg 
Fistulipora sp.. 
Fistulipora n. Sp. 
Cyclotrypa bar eri. 
Batostomella polyspinosa. 
Batostomella greeniana . 
Batostomella greeniana var. regula 
Batostomella sp. A..............0. 
Tabulipora distans.... 
Tabulipora heteropora?.. 

x 

: X: XXX 

Sp. eed 4 : XX: XX: : 
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-TABLE SHOWING THE RANGE OF SPECIES IN THE PENNSYLVANIAN 
FORMATIONS IN MISSOURI—Continued. 

Des Moines 
Group. Missouri Group. 

OM} Jeel|) dae defi sly toh ee carne Ds | eo | | Ee | & iS | 4 

Species. Be ee esics g5 ge g& 3& 
Bo |B2/B2|88/B2 | BS) es / Bs 
6\act/eh| S27] an)Sa/S3)/e5 
PloF®locloalo jo i) os 

B |BRISBS|5 |5 |B | Bo 
G celta lite = = 

Bryozoa—Continued. 
“nowilije ory Chit Glublorsls5 oo noanoseodudecnoeob | SK ote Sec ral| Raeeete|| tor shared eae oes s,e 
PRAM OLA aViCLA te eeioieiers nie cue cto aeruenn wiicieeriey ess Fiaialell heute 5 loners alla o-a!5||oncal ooo 
BRA POLAGSD sriepat svelerreeie ie oui ticyie Gls eiebenens Gletueslaiehe = seal >< CRE oH hime onl eneaceal lasers ecaerane 
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TABLE SHOWING THE RANGE OF SPECIES IN THE PENNSYLVANIAN, 
FORMATIONS IN MISSOURI—Continued. 
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TABLE SHOWING THE RANGE OF SPECIES IN THE PENNSYLVANIAN 
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TABLE SHOWING THE RANGE OF SPECIES IN THE PENNSYLVANIAN 
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DESCRIPTION OF SPECIES. 

Genus Axophyllum Milne-Edwards and Haime. 

The original diagnosis of this genus was very brief, stating merely that the corallum 

was simple, trochoid, and similar to Lithostrotion in its structure, the latter name being 

reserved for composite, fasciculate, or astraeiform colonies. It must also be borne 

in mind that at the time this diagnosis was published the name Lithostrotion was 

associated with the structure now known as the genus Lonsdaleia. A year later a more 

elaborate description was given in French, of which the following is a translation. Cor- 

allum simple, turbinate, surrounded by a complete epitheca. The zone adjacent to the 

epitheca sub-vesicular; internal wall well marked; septa well developed; columella 

very large, cylindrical and formed of twisted plates. This genus differs from Lons- 

daleia in being always simple. For the rest it presents the same structure except that 

the septa are better developed and almost lamellar. 

The type of Axophyllum is stated in the original description to be A. expansum, 
which was figured by the authors, Milne-Edwards and Haime, in 1851. Their figures, 

however, show only the exterior of the coral and for any representation of the internal 

structures of Axophyllum we must look to another’ species, A. radicatum. We notice 
that in A. expansum there is a large central axis which in the calice is not connected 

with any of the septa. The septa themselves are alternately long and short and extend 

from the pseudo-columella to the epitheca. 

The structure of A. radicatum as seen in the figure which represents a longitudinal 
section, consists of a thick pseudo-columella constructed of arched plates inclined to 

each other on opposite sides of an imaginary axis at an acute angle. There is a peri- 
pheral zone composed of similar arched plates in cystose structure, only here the plates 

are larger, thicker and opposite in direction, being directed obliquely inward from 

above, whereas those of the pseudo-columella are directed obliquely outward from above. 

The overlapping edges of these plates are in adjustment so as to form fairly regular walls 
around the peripheral zone and around the pseudo-columella between which is an 

intermediate zone that is distinguished by having the tabulae or plates much fewer, 

more nearly flat, and more nearly horizontal. In this and in a third species refered to 

Axophyllum the septa are represented as beginning at the epitheca and reaching to or 

nearly to the pseudo-columella. 
I have made special mention of the length of thesepta in Milne-Edwards and Haime’s 

figures because there seems to be a discrepancy between their description and their 

specimens. In Lonsdaleia, as is well known, the epitheca is surrounded by a zone of 
vesicles which is not penetrated by the septa. The septa consequently are restricted 

to an intermediate zone reaching neither to the center nor to the periphery. Of course, 
if Axophyllum has the structure of Lonsdaleia and is distinguished only by comprising 

simple instead of composite corals, the same structure should be found in Axophyllum. 

Just how this structure would be expressed externally in the calice no one can predict 
but it is safe to say that the appearance would not be that represented by Milne-Ed- 

wards and Haime’s figures, which can only represent corals in which the septa begin at 

the epitheca. 
This distinction appears to be an important one and the question arises to which 

type of structure does the generic term especially apply, or were, perhaps, both types 

included in Axophyllum by the authors of the genus. A suggestion that both types 

were included is found in a statement made in the later publication that Axophyllum 

presents the same structures as Lonsdaleia, except perhaps that the septa are better 

developed and almost lamellar. 
The statement found in some works that Axophyllum has an outer vesicular zone, 

is probably intended to describe the structure of Lonsdaleia but it is ambiguous because 
in longitudinal section both types of structure show an outer vesicular zone and it is 
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only in transverse sections that the expression quoted has real significance, for in such 

sections the one type of structure shows a peripheral zone that is vesicular only, while 

the other type shows a peripheral zone which is vesicular but is also traversed by septa. 

My specimens from Missouri show in fact both types of structure, but the type which 
has the septa continued to the epitheca is much more abundant. It is represented by 

Axopyllum cylindricum; the other by Axophyllum? sp. D. The occurrence of these 

two distinct though related types of structure in the same beds has raised the questions 

whether they should be regarded as exemplifying two genera or merely two different 

modifications of one genus, and if they exemplify two genera for which should the 

name Axophyllum be retained. For the present, both types of structure are included 

in one genus and, of course, the name Axophyllum is used for it. 

My specimens also show a certain structure not mentioned by Milne-Edwards 

and Haime, nor by other authors, and it is somewhat doubtfully present in typical 
Axophyllum. That is, the pseudo-columella is normally connected by its ends with 

two opposite septa and is traversed by a median plate continuous with those septa, thus 

showing bilateral symmetry in the most conspicuous manner. A similar arrangement 

may be observed in typical Lonsdaleia and thus it is in a way implied in Milne-Edwards 

and Haime’s description of the genus Axophyllum. On the other hand, it is not shown 

by their figures, though it would hardly be as apparent in the calice as in sections and 

might easily have been overlooked in drawing the specimen even if actually present. 

In addition to the transverse plate there are in my specimens other radial plates but 

these would hardly appear in the calice since they are not connected with the septa. 

Certain other modifications of structure found in my corals have been difficult to 

interpret in their generic bearing. The most important of these modifications is char- 

acterized by the presence of a solid instead of a vesicular axis which furthermore appears 

to be connected with only one septum instead of with two opposite septa. The axis, 

even though solid, show similar radial structure. Aside from the axis the structure 

of this type is like Axoplyllum, e.g., A. cylindricum. That is, there is an outer zone 

made up of oblique cysts whose closely adjusted edges form a sharply defined wall, 

and an intermediate zone partitioned by more nearly complete flat and horizontal 

tabulae. It is a singular fact that, in the presence of a peripheral cystose zone which is 

not traversed by the septa the same structural modification is found among the speci- 

~ mens having a solid axis as in the forms having an axis composed of twisted plates. Some 
specimens have such a vesicular zone and others do not. 

Still another modification of the same structure is presented by one specimen in 

which most of the characters are the same as those of Axophyllum cylindricum. The 

central area, however, instead of being occupied by very oblique plates that form 

a complex pseudo-columella, is crossed only by gently arching plates or tabulae that 

form only a low boss instead of a pillar rising from the center of the calice. 

- The type with solid columella at once suggests the genus Lophophyllum but all the 

other structures are different from those of Lophophyllum, which possesses very little 

dissepimental tissue. Still less is this tissue so disposed as to form three zones of which 

the outer is bounded by an inner wall. Rather than refer such forms to Lophophyllum 

I would introduce a.new genus, for no described genus with which I am acquainted 

can properly include them. On the other hand, it is at least plausible that these two 

types which might be called distinct genera are really only modifications of the Axo- 

phyllum structure. It is easy to conceive of the pseudo-columella of typical Axophyl- 

lum as narrowed down.so that the plates instead of leaving spaces between them were 

in contact and formed a solid axis in which, however, the radial structure was still re- 

tained. On the other hand, the plates composing the pseudo-columella can be thought 

of as being directed at less and less acute angles to one another until the pseudo-columella 

instead of projecting like a central pillar was flattened to a low boss and the plates 

themselves became almost tabulae. The occurrence of these extreme structures in 

the same beds and almost at the same locality leads the observer to think that they 

may be modifications of the same structure, On the other hand, the fact that complete 
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intermediate stages have not been found even though the size and distinctness of the 
pseudo-columella does vary greatly in A. cylindricum tends to foster the belief that 

although these different types may theoretically be modifications of the same assem- 

blage of structures, they are too different and too distinct to be held within a single 
genus. 

My own observations and my own material are hardly complete enough to decide 
the questions raised by them or to warrant the introduction of new generic names and 

consequently I am citing all these forms under the genus Axophyllum, but with a large 
element of uncertainty. 

There are, then, two if not three types of structure included here, of which only that 

having a large vesicular pseudo-columella belongs with any certainty to Axophyllum. 

This group comprises A. rude, A. infundibulum, A. cylindricum and Axophyllum sp. D, 

and of these A. infundibulum and Axophyllum “sp. D, are possibly also distinct by 

reason of the more or less obsolete pseudo-columella. The second group has the pseudo- 

columella apparently solid and includes Axophyllum sp. A, Axophyllum sp. B, Axophyl- 

lum sp. C, Axophyllum sp. E, and Axophyllum sp. F. This group may be an entirely 

distinct genus, but it is not Lophophyllum which it resembles in the solid pseudo- 
columella. Both groups contain forms in which the septa are not complete, but are 

prevented by an external layer of vesicular tissue from connecting with the epitheca. 

Axophyllum cylindricum n. sp. 

Corallum simple, gradually tapering or subcylindrical; nearly straight, or irregular 

marked by the usual annular constrictions and growth lines, neither of them very 

pronounced. Diameter 15 mm. or less. There are more or less distinct longitudinal 
striae produced by the septa. The primary septa are 25 to 27 with an equal number of 

secondary septa. A small fossula is present in some specimens, but in others is not 

distinct. 

In transverse section the primary septa are seen to extend rather more than one- 

half the distance to the center. They are not all of equal length but no order of arrange- 

ment is observable. They are more or less thickened in the median portion but thin 

toward the center and less conspicuously toward the epitheca. Much variation is 

shown in this respect. The secondary septa where present are about half the length 

of the primary septa but the interseptal loculi are not always provided with them. In 
one specimen they seem to be wanting on one side of the corallum. 

The median portion is occupied by the rather large pseudo-columella which, as 

seen in the transverse sections that are now under consideration, has a spider-web 

pattern, being composed of radial and concentric lines. The radial elements may be 
considered continuations of the septa but they are much fewer than the septa and 
their number is not constant (from 6 to 10). The most striking feature of the pseudo- 

columella is that one of these plates, more conspicuous than the rest, passes from side 

to side of the pseudo-columella, while the others, though directed obliquely to it, are 
not strictly radial in direction and do not meet at a point. This structure indicates 

strong bilateral symmetry. 

Between the axial zone formed by the pseudo-columella, and the peripheral zone, 
both of which are fairly well defined, is an intermediate zone combining to some extent 

the characters of the two. Some of the septa traverse this zone in a very attenuated 

condition. There are also the edges of transverse plates, appearing as concentric lines, 

but these are thinner and more widely spaced than those of which the pseudo-columella 
is formed. 

The peripheral zone is about one-half a radius in thickness and is distinguished by 

a great amount of interseptal tissue. 
In longitudinal section the peripheral zone is seen to be composed of innumerable 

oblique curved plates giving this region a finely cystose structure. The plates have 

their convex side uppermost and are strongly oblique from the epitheca downward. 

The central or pseudo-columellar region, on the other hand, has the plates much longer 
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and straighter, and very oblique upwards to the axis. The intermediate zone has the 

plates less numerous, more regular, nearly flat and horizontal. The three zones are more 

or less clearly defined by what appear to be walls but the walls are composite and are 

formed by the terminal portions of the oblique plates in approximate adjustment. 
This is at least true of the outer zone; the boundary between the intermediate and 

axial zones is apt to be indistinct, the series of horizontal plates of the one merging 

with the series of oblique plates of the other without a definite boundary. 

In the present unsettled condition of coral genera it is necessary in determining spe- 

cific relationships to consider, more than usual, forms which at present appear under 

different generic assignments. The species whose description is given above is clearly 
not one of the more common Pennsylvanian types. A species related to this would 

more probably find place under the genus Axophyllum than under Lophophyllum. 

Indeed, I can not entirely satisfy myself that this is not our well-known (?) Axophyllum 

rude which was so poorly described that we do not even now know how many septa 

it possessed, nor other characters equally fundamental. Axophyllum rude is always 

represented as having a more spreading growth and I[ think it must be distinct from 
this species. 

More similar to A. cylindricum in its cylindrical shape is Worthen’s Axophyllum 

infundibulum. Here again the diagnosis is extremely inadequate; most of the characters 

given might be applied to almost any Zaphrentoid coral. The size of A. infundibulum 

is considerably larger than that of this species and the peculiar growth, if it be regarded 
as more than an individual or possibly a pathologic character, would be another 

difference between them. Worthen does state that the septa number about 40 but fails 

to record whether they are all primary. In D. cylindricum the total number is very near 

50 and the number of primary septa is only 27. Again, Worthen states that the col- 

umella (pseudo-columella) is not strongly developed which is far from true of my species. 
On the whole, I am forced to conclude that this is not A. infundibulum. Indeed, Wor- 

then’s figure rather suggests to me the genus Craterophyllum. 

The specimens referred to A. cylindricum show much variation. The description 
given above is based largely upon the type specimens and it will be desirable to note 

some of the departures fromit. Few specimens exceed a length of 30 mm. and a diameter 
of 15 mm.; some long and nearly cylindrical specimens, however, have a diameter of 

only 7 mm. Several rather large specimens from locality 423 have 32 or 33 septa. 

Secondary septa are usually present but in a few specimens they are absent in part 
or wholly. A fossula appears to be present in some specimens but absent in others. 

Possibly the structure is really absent but appears to be present in some specimens 

owing to the unequal length of the septa as already mentioned. The pseudo-columella 

varies from small to large and, as seen in cross sections, from a closely arranged aggre- 

gation of plates with definite boundaries to a group of dispersed and less numerous 

plates which scarcely appear to form a pseudo-columella at all. Usually the pseudo- 

columella is conspicuously connected with two opposite septa and divided by a median 
plate which appears to be a continuation of those septa. This structure may be indis- 

tinct, however, and when the pseudo-columella itself almost loses identity, the accom- 

panying structures are scarcely appreciable. In longitudinal section the intermediate 
zone is sometimes distinct and made up of nearly flat, fairly remote, transverse plates, 

but it is sometimes more or less fused with the axial zone, the plates being more numer- 
ous, more oblique, and intercalated with those of the central portion. The septa are 

usually appreciably thickened in the median portion, thinning toward the center and 
toward the epitheca. In some specimens the thickening begins at the epitheca, and 
in one specimen particularly the septa are thin throughout the peripheral zone, but are 

abruptly thickened where they enter the intermediate zone, thinning regularly to- 

ward the pseudo-columella. . 

Horizon and locality: Henrietta formation—Pawnee limestone member, station 

1255 B3. Pleasanton formation, stations 430, 647, 672. Kansas City formation— 

Hertha limestone member, station 233. Douglas formation—Oread limestone member, 
stations 214, 272. 
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Axophyllum infundibulum Worthen? 

1875. Axophyllum infundibulum. Worthen, Geol. Surv. Illinois, Rept., vol. 6, p. 
525, pl. 32, fig. 7. 
Coal Measures: Clark County, Ill. 

This type also is represented by a single specimen, a nearly straight, rapidly en- 

larging Zaphrentoid coral having a diameter of about 23 millimeters and a length of 
about 30 millimeters. The calice is shallow, the edges of the septa arching and de- 
scending obliquely toward the center, where a small circular pit is formed, 6 milli- 

meters in diameter, with a slightly up-arched bottom, onto which the septa extend as 

narrow ridges. The septa number 31 and are all primary. Twelve millimeters from 

the top the structure of this coral in cross section is as follows: The septa, 28 in number, 
reach from the epitheca to a central area which has a diameter of 6 millimeters or less. 

This large, ill-defined columellar area is crossed by the irregular continuations of some 

of the septa and by a number of concentric lines representing the edges of transverse 
plates. It is surrounded by a narrow intermediate zone in which, in this section, no 
tabular structures appear. Outside of this intermediate zone comes the broad peripheral 
zone characterized by fine, interseptal tissue. These interseptal plates have the appear- 
ance of springing from the sides of the septa and being carried part way, or wholly, across 

the interseptal loculi and meeting obliquely and interrupting similar plates springing from 
the adjacent septa. This gives the interseptal tissue an irregular arrangement and the 
septa themselves seem to be more or less disturbed in direction, and in size. 

In longitudinal section the peripheral zone is composed of small, oblique cysts and 

has well defined boundaries. A series of thinner, larger, less convex plates occupies 
the area betweerl. Though each is much shorter than the entire width of this area 

and though they overlap one upon the other, they make broadly convex lines which 

dome upward in the center and descend at the sides. The area of the pseudo-columella 
is distinguished less by changes in the number and direction of the plates than by 
thickened lines (ends of septa?). 

In general structure this specimen agrees with those called Axophyllum cylindricum, 

the chief difference being in the distinctness of the pseudo-columella in which even that 

species varies considerably. In typical examples of A. cylindricum the pseudo-columella 

is smaller and more sharply defined by reason of its more numerous and more closely 

arranged plates, and the greater width of the intermediate zone. It is also conspicuously 
connected with two of the septa but is not traversed by others of them. It has a trans- 

verse plate and also radial plates which in the present form are either absent or only 
suggested. Other characters distinguish the two forms specifically but for the present 
no marked objection is seen to including both in one genus. The identification with 
Axophyllum infundibulum is made on the strength of a statement in the original descrip- 
tion that the columella is nearly obsolete in some examples and much less strongly 
defined than in A. rude. On the other hand, the septa in A. infundibulum are said to 
number 40, distinctly more than in the present form, and the peculiar growth of the 

typical specimen, if regarded as a specific character, distinguishes it. 
Horizon and locality: Kansas City formation—Hertha limestone member, station 

423. 
Axophyllum rude White and St. John. 

1868. Axophyllum rudis. White and St. John, Chicago Acad. Sci., Trans., vol. 1, 

p. 115. 

Upper Coal Measures: Madison, Ringgold, and Pottawattamie counties, Iowa. 

1875. Axophyllum rudis. Meek and Worthen, Geol. Surv. Illinois, Rept., vol. 6, 
p. 525, pl. 32, figs. 6a-c. 

Coal Measures: Near Collinsville, St. Clair County, II. 
1884. Axophyllum rudis. White, Dept. Geol. Nat. Hist. Indiana, 13th Ann. Rept. 

pt. 2, p. 118, pl. 23, figs. 8, 9. 

Coal Measures: Newport, Ind. 
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1894. Axophyllum rude. Keyes, Missouri Geol. Surv., Rept., vol. 4, p. 107, pl. 12, 

figs. 5a, b. 

Upper Coal Measures: Kansas City, Mo. 

1900. Axophyllum rudis. Beede, Univ. Geol. Surv. Kansas, Rept., vol. 6, p. 20, pl. 2, 

figs. 9-9c. 

Upper Coal Measures: Kansas City and Lawrence, and Osage, Cowley, and Elk 
counties, Kans. ; 

The status of this species is unsatisfactory in the extreme. When the name was 
introduced in 1868 White and St. John gave no figures and the description, dealing only 

with external characters, would apply to almost any simple Paleozoic coral. Not a 

single really diagnostic specific character was set down. 

Meek and Worthen cited the species in 1875 and figured two specimens from Illinois. 

They merely quoted the original description, remarking that their specimens (natural- 

ly) agreed with the characters given. Their figures add but little to the nearly blank 
page of our knowledge of the species; they do not show for instance, whether the septa 

are of one or of two orders nor what the number of them is. Knowing already that the 

species probably has both primary and secondary septa, I interpret their figures as 

showing 28 or 30 of the one order and a few of the other. 
White returned to A. rude in 1889 and we may assume that since he was one of the 

original authors his identification is correct. He seems to be content with the original 
diagnosis which he paraphrases. He does give two figures which represent a coral 

20 mm. in length and 12 mm. in diameter. This is only about half the size of the specimen 
figured by Meek and Worthen. One figure shows about 40 septa but it is not clear 

whether they are of one or two orders. I suspect that a few are secondary, but that 
all the rest are primary. 

The next author to treat of A. rude was Keyes, who figures the species but does not 

describe it. His figures depict a form very similar to White’s Indiana specimen. 

One of his illustrations shows 31 septa, several of which are distinctly shorter than the 

others (secondary?). Very short, undeveloped intermediate septa are also shown. 

The latest discussion of the species is by J. W. Beede to whom we owe about every- 

thing essential that is known of it. The only question, of course, is whether his speci- 
' mens are actually A. rude or some other species. His description is less enlightening 

than his figures. He describes the external characters much as preceding writers 

had described them. He states that the septa are of two orders, but does not give their 
number. His figures, of which there are three, include one thin section showing the 

structure. The two other figures represent a small coral generally similar to the figures 
of White and of Keyes. 

The cross section represents the septa as of two orders, the primary septa reaching 

to or nearly to the pseudo-columella, the secondary septa about half as long, some more, 

some less. Each set comprises 26; 52 in all. The illustration shows an outer vesicular 

zone and an inner vesicular zone (the pseudo-columella) separated by an intermediate 

zone which is traversed only by the septa. Probably the intermediate zone, instead 

of being represented as entirely destitute of interseptal or tabular structures, would 

more correctly be shown as possessing them, though to a less degree than the two other 

regions. The outer zone comprises about half a radius at each side; the inter- 

mediate zone, about one-eighth the radius at each side; and the pseudo-columella, 

about one-fourth of a diameter. The pseudo-columella appears to be constructed of 

concentrically arranged vesicles. It is noteworthy that it is divided into two equal 

parts by a transverse plate which is connected at its ends with two of the septa. There 

are a few other plates directed radially, but they are not correlated on the opposite sides 
of the main plate. It would have been most welcome had a longitudinal section 
been given. 

Meek and Worthen’s form is under suspicion because it is so much larger than 

the typical variety. It may belong to Axophyllum infundibulum of the same 

authors so far as the figures show, and it especially resembles the short, partly developed 
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specimen which they include under A. infundibulum but which, they suggest, may not 

be of the same speciesas the type. The three other citations probably belong together 

and represent typical A. rude, though it must be borne in mind that the three dis- 
cussions contain very inadequate evidence for reaching a conclusion. 

Axophyllum rude seems not to appear among the corals in this collection, but a 

determination of its characters was a necessary antecedent to the determination of 

the other related forms. 

Axophyllum? sp. A. 

This type is represented by a single specimen, a conical, rather rapidly expanding, 
slightly curved Zaphrentoid coral, 26 mm. in diameter and approximately 40 mm. in 

length. In transverse section there is seen a small, apparently solid pseudo-columella, 

slightly elongated and connected at one end with one of the septa. The other septa 

extend almost to the pseudo-columella but do not connect with it. That structure, 

though solid, shows radial lines but not concentric ones. One main axis divides it 

longitudinally and is continuous with the connecting septum. Other plates radiate 

from the center, three or four on each side, and project as ridges but do not connect with 

the septa. The septa are 22 in number and can be traced only about half way to the 

epitheca. They appear to divide so as to inclose elongated cysts and then become lost 

in the more coarsely cystose structure that forms the peripheral zone. There is another 

narrow ring of fine cysts adjacent to the epitheca, but these have a concentric instead 
of a radial arrangement. In transverse section, then, the structures shown are first, 

fine cysts, then coarse cysts, then fine cysts of which those made by the division of the 
septa are radially elongated, then a clear zone traversed only by the septa, and lastly, 

the central pseudo-columella. In longitudinal section only three zones can be recog- 

nized; the pseudo-columella which appears like a central rod or pillar, a clear zone not 

crossed by tabulae or dissepimental tissue, and a very broad cystose peripheral zone 

made up of small oblique, convex plates piled one above the other. Though these over- 
lap without any regularity they make sigmoidal lines from the epitheca obliquely 

downward toward the axis, the lines being concave and strongly oblique near the 
epitheca, about horizontal midway, and convex and more oblique near the pseudo- 

columella. The edges of the cysts make a sharply defined and continuous inner wall, 
marking off the peripheral zone from the intermediate one. 

Unless this be an abnormal specimen of some of the other types I am at a loss as 

to the generic relations of this coral, but having only one specimen I hesitate to in- 

troduce a new name for what appears to be a novel generic type. It is referred to 
Axophyllum only as an expedient. In point of the solid axis it agrees more nearly with 

Lophophyllum though differing in other respects more than it differs from Axophyllum. 

Horizon and locality: Kansas City formation—Hertha limestone member, station 
423. 

Axophyllum? sp. B. 

This type can be most briefly described by comparing it with species A which it 
closely resembles in many ways. It isa nearly straight, rapidly expanding Zaphrentoid 
coral, having a length of 28 millimeters and a diameter of 20 millimeters. The columella 
is thin and knife-like and apparently not connected with any of the septa. _Both of 
these peculiarities, in which it differs from species A, may result from the section being 
in this case located closer to the calice. The septa are solid for only a short distance 
and then appear, even more conspicuously than in species A., to break up into elongated 

cysts and they soon lose ali identity in the coarsely cystose dissepimental tissue that 
fills in the peripheral portion. The septa number 22. 

The structure as seen in longitudinal section much resembles that of species A 
save that the intermediate zone which in species A is traversed only by septa is here 

divided by scattered plates, some nearly flat and horizontal, others curved and oblique. 
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This is probably generically and specifically the same as species A, but if the differences 

noted prove to be constant they will constitute a specific difference at least. 

Horizon and locality: Kansas City formation—Hertha limestone member, station 

423. 

Axophyllum? sp. C. 

This type also is represented by a single specimen. The shape is more or less 

cylindrical with a diameter of 15 mm. and a length, in fragmentary condition, of about 

25 millimeters. Here again the structure is a variant of that found in species A. The 

pseudo-columella is small and solid and it is connected with one of the septa, but its 
radial structure is less distinct and does not result in the formation of projecting angles 

in the outline. The septa number about 25 and many of the interseptal loculi have 

secondary septa. The septa divide towartl the exterior so as to include a few small 

cysts, but most of them can bt traced nearly or quite to the epitheca. The dissepimental 

tisstie is fine and irregular. : d 

In longitudinal section the outer zone consists of numerous oblique cysts and has 

a sharply defined inner boundary. The intermediate zone is occupied by much scantier 

tabulae which are straight or curved, transverse or oblique. 

In shape the specimen is like Axophyllum cylindricum, but it has a solid pseudo- 

columella. In having the intermediate zone crossed by tabulae it is like Axophyllum? 

sp. B. In having the septa persistent to, or almost to, the epitheca it differs from 
Axophyllum? sp. A, and Axophyllum? sp. B. 

Horizon and locality: Kansas City formation—Hertha limestone member, station 

423. 

Axophyllum? sp. D. 

The few specimens included here bear much the relationship to A. cylindricum 

that the form referred to A.infundibulum bears to A. rude, that is they differ in the 

imperfect development of the pseudo-columella. They have a cylindrical, more or less 

contorted shape with a diameter of 10 millimeters and an undetermined length of not 
less than 35 millimeters. In transverse section three zones are seen, The outer zone 

is marked by dissepimental tissue; the intermediate zone is fairly clear of such structures; 

while the pseudo-columella shows the cut edges of closely arranged tabulae intersected 

by the contorted and confluent ends of many of the septa which reach nearly to the 

center. The septa number 21 and are all primary septa. But few of them can be 

traced to the epitheca, being interrupted by some of the cystose dissepimental plates. 
In longitudinal section the three zones are well differentiated. The peripheral zone is 

marked by small, thick, oblique cysts, and the central area by thin, shallow and broad, 

closely-arranged horizontal cysts or tabulae. The intermediate zone has the tabulae 
much more remote than the central area and more or less complete. 

The generic position of this form is much in doubt. It has many points of re- 

semblance to Axophyllum cylindricum but can only provisionally be placed in the same 

genus. The almost complete non-development of the pseudo-columella is one of its 

most important differences. This is especially shown in the nearly horizontal direc- 

tion of the tabulae in the axial region, whereas in A. cylindricum these plates are arched 
into a high, acutely angular cone. Nevertheless the central region, even though it 

could not have projected asa boss, has a differentiated structure similar in many respects 

to that of the other species. 

On the other hand, the structure strikingly resembles that of Craterophyllum 

verticillatum. A conspicuous similarity exists in longitudinal sections between my 

specimen and Barbour’s figure 12 of Plate IV. -In his transverse sections less resem- 
blance can be traced as‘his figures all show a clear central area which the short septa da 

not penetrate and which exhibits scanty evidence of the tabulae. The greater length 

of the septa in my specimen would be more of a specific than a generic character and 
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would hardly of itself debar the species from Craterophyllum. It is only as we interpret 

this and certain other indications as evidence of an aborted pseudo-columella that the 

species can be placed in the neighborhood of Axophyllum rather than Craterophyllum. 
That it is a legitimate type of Axophyllum is, however, doubted. 

Horizon and locality: Kansas City formation—Hertha limestone member, station 

423. 

Axophyllum? sp. E. 

This group is made principally for three specimens from locality 174 which are 

known more by their external characters than by their internal. All three show a 

slightly curved, very rapidly expanding Zaphrentoid coral, the largest specimen being 

25 millimeters in diameter and about 25 millimeters long. The calice of this specimen 
is shallow and an abruptly descending circular depression is formed in the center from 

which arises a small pseudo-columella marked by longitudinal ridges. The septa 

number about 56 and are alternating. The calice is campanulate and the septa in it 
appear as slender ridges on the sides of the central depression and just above, where the 

calice begins to expand rapidly. At this place the septa die down as ridges and simul- 

taneously narrow grooves are developed in the interseptal loculi and persist to the rim 

of the calice. Thus all the marginal portion of the calice is nearly smooth, marked only 

by these narrow radial grooves. The relatively broad, flat spaces between them repre- 
sent the septa which as ridges appear only well down toward the center. We may 

look to see this external structure represented internally by a peripheral ring of vesicular 
tissue not penetrated by the septa. 

A section across this coral rather far below the calice, 6 or 7 millimeters from the 

point of origin, shows a somewhat large, apparently solid pseudo-columella having 

an elongated shape and connected by one end with one of the septa. Surrounding 
the pseudo-columella is a clear zone showing the edges of a few tabulae obliquely cut 

and then comes the wide peripheral zone abundantly supplied with dissepimental 

plates. The septa number about 21 and there are secondary septa between. They 

are confined to the peripheral zone, none of them crossing the intermediate zone (save 

that which connects the pseudo-columella) nor, on the other hand, do they reach to the 

epitheca, being intercepted by a ring of cystose plates. 

The second specimen essentially resembles the first but the expansion is abrupt 
from a stem-like lower portion. The calice is very broad and shallow as a result of this 
configuration and it shows several renewals of growth one within the other. 

The third specimen is smaller, about 13 millimeters in diameter and 11 millimeters 
in height. The calice is rather shallow and is crossed by about 58 thin septal plates 
more or less distinctly alternating. This specimen is of course included with the others - 

only on the supposition that it represents the immature stage, or the central portion, of 

such a larger form as that first described, and that it would later have developed 

the flaring outer parts that lack septal ridges but are marked by interseptal grooves, 
though not having them now. 

This form, if all three specimens are conspecific, may well belong with Axophyllum? 

sp.A,although a definite conclusion can not be reached, since the one form is distinguished 

chiefly on external peculiarities, the internal characters being imperfectly known, while 

the other form is distinguished chiefly on internal peculiarities, the external characters 

being imperfectly known. 

Horizon and locality: Kansas City formation—Chanute shale member, station 174. 

Axophyllum? sp. F. 

This form is typified in the collection by a single specimen distinguished by its 

rapid expansion and by the inverted shape of the calice, of which the rim is much lower 
than the center. This feature in its present degree may be due to weathering but I 

do not doubt that the original shape was in the main as it is now. The height is 23 
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millimeters, of which the height to the rim of the calice is about 18 millimeters. The 

maximum diameter, for the specimen is not circular, is 33 millimeters. The upper surface 

of this coral is irregular and the structures unsymmetrical, but in a broad way the 

upper part of the inverted calice is truncated for a diameter of about 12 millimeters and 

forms a shallow cup from whose edges the surface descends slightly to the center which is 

occupied by a large and apparently solid pseudo-columella. The pseudo-columella is 

oval and has a long diameter of 5 millimeters. It is now more or less worn, and may 

have projected considerably more than at present. From this central elevation the 

surface descends to the rim of the epitheca on all sides and it is in different places steep or 

gradual, and concave, convex, sigmoidal or straight. The septa are thin and numerous. 

Thirty-four reach to the center and there are an equal number of secondary septa, 

almost as long. One of the primary septa appears to connect with the pseudo-columella 

and all the others reach almost to it, but appear to be distinct from it. A rather narrow 

zone characterized by a scanty development of dissepimental tissue surrounds the 

pseudo-columella and this is succeeded by a broad, peripheral zone in which interseptal 

structures abound. In their at present weathered condition these structures have 

a singular appearance as if the septa were secondary to and produced by the interseptal 

plates. In other words, except near the center each septum appears to be formed on 

cither side of a thin median line by the infolded and mutually continuous edges of 

innumerable overlapping interseptal plates. Thus formed, the septa can be traced quite 

to the epitheca but I would not be surprised, if the structures were presented in their 

original instead of a worn and abraded condition, to find that the appearance was like that 

described in Axophyllum? sp. E. 
In the configuration of the calice this form resembles the one identified as Lophophyl- 

lum alleni but the size, the shape, and other characters are so different that I would not 

hesitate to name this as an undescribed species if I were more certain:to what extent its 

present characters are due to wear and to a possible abnormal condition. 

Horizon and locality:- Kansas City formation—Chanute shale member, station 

429a. Shawnee formation—Deer Creek limestone member, stations 165, 191. 

Genus Lophophyllum Milne-Edwards and Haime. 

Lophophyllum alleni Rowley. 

1901. Axophyllum? alleni. Rowley, Am. Geol., vol., 27, p. 349, pl. 28, figs. 32-35 

: Upper Coal Measures: Northwestern Missouri. 

This identification has been given to only a few specimens, one or two from each 

of four localities. They are characterized by their small size, rapid irregular expan- 
sion, low altitude, and shallow calice in which the septa round upward so that they pro- 

ject above the rim of the epitheca. The septa are long, reaching nearly to the center, 
but they die down abruptly and simultaneously, and from the little circular pit thus 

formed arises the pseudo-columella which is elongated and sharp at both ends and 

crested along the top. The septa are of two orders but the secondary septa are nearly 

as long as the primary. 
These specimens strikingly resemble Rowley’s figures of Axophyllum? alleni and 

agree in most respects with his description. The only notable difference is that he 
states the number of septa to be about 60 while the septa in many specimens are less 

than 50. He describes the columella as formed of the upturned inner edges of the 
lamellae or septa. I scarcely know how to understand this expression which, if taken 

literally, one might say, is fairly impossible. The most plausible interpretation would 

be not that the septa make up the columella but that they are continued as ridges up 

onto it, but even this is not true of my specimens. The pseudo-columella is elongated 
it is true, but is not, in the calice, connected with any of the septa though, as will im- 
mediately be described, it is connected with one of them in the lower part of the corallum. 
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Rowley was in doubt about the generic position of his coral and apparently had 

not ascertained some of the diagnostic generic characters. That my specimens appear 

to belong to a different genus from that to which he referred his species need not be held 

as evidence against the present identification. My material is too limited to permit an 

extensive study of structural characters but apparently they indicate a position with 

Lophopyllum and not with Axophyllum. Two specimens have been ground down 

so as to show their internal structure and in both of them the pseudo-columella is solid 

and attached to one of the septa, of which it appears to be an enlargement, but it is 
free from all the other septa. Furthermore, in one of the specimens especially, the 

section is sufficiently near to the calice to make it unlikely that the structure observed 
is that of an immature stage. 

If, as seems likely, this form belongs to the genus Lopholyllum, it is readily distin- 

guished from the common species, L. profundum, both by its size, its shallow calice and 

projecting septa, and by the much greater abundance of dissepimental tissue. 
Horizon and locality: Douglas formation—Weston shale member, station 301; 

Iatan limestone member, station 281; Lawrence shale member, station 213. Shawnee 

formation—Deer Creek limestone member, station 191. 

Lophophyllum distortum Worthen. 

1875. Cyathaxonia distorta. Worthen, Geol. Survey Illinois, Rept., vol. 6, p. 526, 

pl. 32, fig. 4. 

Coal Measures: Cumberland County, IIl. 

1898. Amplexus westii. Beede, Kansas Univ. Quart., vol. 7, No. 1, Ser. A., p. 17. 

Upper Coal Measures: Kansas City, Mo. 

1900. Lophophyllum westi. Beede, Univ. Geol. Survey Kansas, Rept., vol. 6, p. 18, 

pl. 2, figs. 8, 8b; pl. 3, fig. 12; pl. 5, fig. 7. 

Upper Coal Measures: Kansas City, Lecompton, Neosho County, Kans. 

1910. Cyathaxonia distorta. Raymond, Carnegie Mus., Annals, vol. 7, No. 1, p. 156, 

pl. 24, figs. 8, 9. 

Vanport limestone: New Castle, Pa. 
1911. Cyathaxonia distorta. Raymond, Pennsylvania Top. & Geol. Survey, Rept. for 

1908-1910, p. 97, pl. 3, fig. 8. 
Vanport limestone: New Castle, Pa. 

Two species of Lophophyllum are known from the Pennsylvanian of the east— 
Lophophyllum profundum and Lophophyllim distortum. Lophophyllum distortum was 

originally described as a Cyathaxonia and stands under that genus at the time of writing. 
This circumstance does not materially affect the statement just made, because Lo- 

phophyllum profundum itself was for many years registered as a Cyathaxonia, because 
Worthen’s description, from what it fails to contain, indicates that the internal char- 

acters of the species were imperfectly known to him, because from our knowledge of the 

range of those genera in North America, incomplete as that knowledge is, Lophophyllum 

rather than Cyathaxonia is to be expected at Pennsylvanian horizons, and because 
the species is probably identical with another form which if not a Lophophyllum is 

more closely related to that genus than it is to Cyathaxonia. 
Lophophyllum Westi was described by Beede as an Amplexus. He subsequently 

changed the generic designation to Lophophyllum, at the same time noting that his 
species might be identical with Cyathaxonia distorta Worthen, a relationship which 
did not suggest itself when Lophophyllum Westi was included in a genus that lacks a 

pseudo-columella. This suggestion seems so probable to me that I am employing Wor- 

then’s name for what is undoubtedly the species described by Beede as Lophophyllum 

Westi. 
That Beede referred his coral to two genera as widely different as Lophophyllum 

and Amplexus is not extraordinary when the anomalous structure of Lophophyllum Westi 
is well understood. To omit reference to other characters of less eminent importance, 
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Lophophyllum Westi sometimes appears to have the characteristic structure of Lopho= 
phyllum and sometimes appears to lack the distinctive pseudo-columella of Lophophyl- 

lum and to have essentially the structure of Amplexus. Furthermore these two types of 
structure in some instances occur in the same coral at different stages of growth. When 

the Lophophyllum structure is shown, one of the septa is distinguished from the others 

by reaching to the center or beyond and by having the terminal portion thickened into 

a slender pseudo-columella. The other septa do not reach the center which is vacant 

save for this pseudo-columella and for rather abundant irregular tabulae. Neither 

structure is quite typical for the genus which it seems to resemble, the septa being 

rather long and the tabulae rather infrequent and irregular for typical Amplexus and 

the tabulae rather too abundant for typical Lophophyllum. A few longitudinal sections 

seem to show how these changes from one structure to another take place. Namely, 

the long pseudo-columellar septum is shortened to the length of its fellows so that the 

tabulae pass uninterruptedly over the median portion. 
The characters possessed by Lophophyllum profundum and by Lophophyllum dis- 

tortum are in many respects so widely different as to suggest that both species can 

not belong to the same genus, and it will be worth while briefly to consider these differ- 

ences and also to consider which type of structure is most like typical Lophophylluma 

The growth of Lophophyllum profundum is short, conical, and curved, the direction 

of curvature being rather closely oriented with regard to the position of the fossula. 

The growth of Lophophyllum Westi is elongated, cylindrical, and straight. At 

least if not straight, it is irregularly contorted. It is true on the other hand that the 

early stages are conical and curved, though it is not known whether the curvature bears 
any constant relation to the internal structure. The epitheca of Lophophyllum pro- 

fundum is thick; that of Lophophyllum distortum is thin. Interseptal tissue is scanty 
in Lophophyllum profundum; it is much more abundant in Lophophyllum distortum 

in which, as seen in cross sections, it usually makes one or two or three concentric rings 

complete or incomplete as it chances, according as the tabulae are irregular or regular. 

Schematically the tabulae are large transverse plates flattened over the median portion 
and curved downward for a greater or less distance about the edges. Accordingly as the 

tabulae stand at greater or smaller intervals, are straight or oblique and confluent 

with others differently directed, there would be one or several rings shown in cross 
section and the rings would be complete or incomplete. In some sections one of these 

rings connects the inner ends of the septa, having the appearance of an inner wall. 

It is in the pseudo-columella that the most important differences between the 

two forms are found. In Lophophyllum profundum the pseudo-columella is large and 
rod-like, and connected by one end with that one of the septa which lies opposite to 

the fossula. One or more or sometimes all of the other septa also connect with the 

pseudo-columella, but possibly this is by secondary deposits. Furthermore the pseudo- 

columella shows indications of a median plate continuous of course with the septum 

with which the pseudo-columella itself is connected. Other rays are also sometimes 
indicated. 

In Lophophyllum distortum, on the other hand, the pseudo-columella is but the 

end of the specialized septum scarcely enlarged. It is therefore very thin, instead of 

cylindrical, and essentially structureless. It rarely if ever unites with the other septa. 

In a few sections such a union is indicated, but the appearance is better explained, I 

think, by regarding the connective tissue as of tabular nature. I was for some time 

doubtful whether a fossula existed in this species; where it can be recognized its position 
is normal, opposite the pseudo-columella. 

In so far as I know the facts, Lophophyllum profundum is not in essential agreement 
with the genus Lophophyllum as based on Lophophyllum Konincki which Milne- 

Edwards and Haime named as the genotype. It has opposite the septum the fossula 

(the counter septum) connected with the pseudo-columella, not the septum in the 

fossula (the cardinal septum) as in typical Lophophyllum, and the somewhat obscure 
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radiating structure of the pseudo-columella may not be found in Lophophyllum Koninck. 

Furthermore, the fossula is situated on the convex side of the corallum in L. Konincki 

and on the concave side in L. profundum. 
Lophophyllum distortum is not typical in its cylindrical shape and possibly in other 

characters, such as the lack of connection between the pseudo-columella and any of 

the septa save that which it originates. But above all else is it abnormal in the 
obsolescence of the pseudo-columella. In some other characters it is more nearly in 

agreement with Lophophyllum eruca upon which Nicholson's observations were based, 

than is Lophophyllum profundum—for instance in the abundance of tabule. Nichol- 

son also describes and represents the fossular septum as short and net connected 

with the pseudo-columella, which is at variance with the statements of Milne- 

Edwards and Haime. This is more distinctly the condition of Lophophyllum profundum 

than of Lophophylium distortum, but Nicholson also states that the genus does not 

possess distinct secondary septa, a statement which is not true of neither species. 

It may prove desirable to place L. profundum and L. distortum in different 

genera or subgenera. If so, the generic name will adhere rather to L. profundum than 

to L. distortum, but it may be that neither type will rest under Lophophyllum. 

Horizon and locality: Kansas City formation—Iola limestone member, station 215. 

Douglas formation—Iatan limestone member, station 281; Lawrence shale member, 

station 213; Oread limestone member, station 273. 

Genus Campophyllum Edwards and Haime. 

Campophyllum torquiunm Owen. 

1852. Cyathaphyllum (vermiculare?). Owen, Geol. Surv. Wisconsin, Iowa, and Min- 

nesota, tab. 4, fig. 2. 

Carboniferous limestone: Near mouth of Keg Creek. 

1852. Cyathophyllum torquium. Owen, idem. tab. 4, fig. 2. 

Carboniferous limestone: Near mouth of Keg Creek. 

1852. Cyathophyllum flexuosum (?). Owen, idem, tab. 4, figs. 3a, b. 

Carboniferous limestone: Near mouth of Keg Creek. 
1872. Campophyllum torquium. Meek, U. S. Geol. Survey Nebraska, Final Rept., 

p. 145, pl. 1, figs. la-d. 
Upper Coal Measures: Rock Bluff and Cedar Bluff, Nebraska; Iowa. 

Coal Measures: Illinois. 
1884. Campophyllum torquium. White, Dept. Geol. Nat. Hist. Indiana, 13th Ann. 

Rept., pt. 2, p. 119, pl. 23, figs. 10-13. 

Upper Coal Measures: Iowa; Missouri; Nebraska; Illinois; Indiana. 

1894. Campophyllum torquium. Keyes, Missouri Geol. Survey, Rept., vol. 4, p. 107, 

pl. 12, figs. 7a-c; pl. 13, fig. 7. 

Coal Measures: Kansas City, Mo. 
1898. Campophyllum torquium. Beede, Kansas Univ. Quart., vol. 7, no. 4, ser. A., 

p. 187, figs. 1-4, on p. 190. 

Lecompton limestone horizon: Jefferson, Douglas, and Chautauqua counties, 

Kans.; also near Kansas City, Kans. 
1900. Campophyllum torquium. Beede, Univ. Geol. Survey Kansas, Rept., vol. 6, 

p- 19, pl. 4, fig. 1; pl. 5, figs. 1-4. 
Coal Measures: Kansas City, Jefferson, Douglas, and Chautauqua counties, 

Kans. 

1904. Camphophyllum torquum. Reagan, Indiana Acad. Sci., Proc. for 1903, p. 238, 

Plate figs. 2a-Cc. 
Red Wall Group: Fort Apache, White River, Salt River, Carrixo Creek, and 

Cibicu Creek, Ariz. 

————— 
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Campophyllum torquium is rather scantily represented in the collections but this 
material supplemented by that from other areas enables me to note a few facts not 

perhaps heretofore recorded and to lay emphasis on others, Meek has already called 

attention to the very thin epitheca possessed by this species, which apparently is not 

formed as in certain other genera by expansion of the two plates composing the septa. 
This character might be used more than it appears to have been used for generic and 

family classification. The structures exhibited comprise three fairly distinct zones, a 

peripheral zone in which are developed septa and fine dissepimental tissue, an inter- 

mediate zone, in which are developed septa and coarse interseptal tissue of a different 

character from the first, and a central area not penetrated by the septa and crossed only 
by broad, flat, horizontal tabulae. The existence of a distinct intermediate zone has 

not, I believe, been clearly pointed out, but the peripheral zone and the central tabulate 

area have been described and illustrated by several authors. 

The narrow peripheral zone is the most sharply defined of the three. In transverse 

section it appears as a narrow band of fine, dissepimental tissue having a fairly distinct 

boundary on the inner side. In some specimens the dissepimental network is dis- 
tinctly finer near the epitheca. The true character of the peripheral zone is best shown 

in longitudinal section where it is seen to consist of rather fine cysts which overlap so that 

their plates form a nearly even continuous wall, separating this zone from the inter- 

mediate zone adjacent. The intermediate zone extends from the peripheral zone to 

the extremity of the septa. The edges of a few tabulae or cysts are sometimes seen in 

it in transverse section, and the septa, which as a rule are thinner and more or less 

irregular within the boundary of the peripheral zone, thicken distinctly and abruptly 

as they passintoit. In longitudinal section the closely arranged, flat, horizontal tabulae 

which are a striking feature of these corals in the central area, become more irregular 

toward the peripheral zone. They bend abruptly downward, and additional plates, 

curved or flat, horizontal or oblique, are introduced in greater or less abundance. On 
comparison with the cross section it appears that the regularly tabulate area seen in 

the one is co-extensive with the central space left by the inner ends of the septa, seen 

in the other, while the region of loose irregular dissepimental tissue, of which a part 

appears to be a continuation, though with changed direction, of the tabulae corre- 
sponds with the zone included between the peripheral zone and the inner ends of the 

septa. 
The only really sharp boundary in these structures is the wall, marking the inner 

limit of the peripheral zone. The cysts of the peripheral zone are small and almost 

vertical in direction and against the wall formed by the innermost of them the thinner 

plates of the intermediate zone abut at different angles. The inner boundary of the 
intermediate zone is of course less sharp but it is fairly distinct as are its structures dis- 

tinct from those of the axial region. 
It is not entirely certain that Campophyllum torquium is a true representative of 

Campophyllum. Milne-Edwards and Haime described Campophyllum as having 

the interseptal loculi filled with small vesicles and they give a figure of C. flexuosum, the 
type of the genus, in which the vesicles apparently extend to the inner extremity of the 

septa. As we have already seen the peripheral zone in C. torquiwm is narrow, the sep- 

ta projecting beyond it for more than half their length. Consequently there are in the 
American species three distinct zones having different structures, while typical Cam- 

pophyllum apparently has only two such zones. This difference, even if it is constant, 

may not be considered as of generic importance. 
The specimens from Missouri referred to this species are few in number and mostly 

of small size. Superficially they suggest Craterophyllum verticillatum more than the large 

cylindrical corals familiar under the name Campophyllum torquium. They not only 
do not show the characteristic gemmation of C. verticillatum but the internal structure 
also is different.. At one time Professor Barbour kindly sent me some sketches of 

C. verticillatum for examination and he correctly states my opinion expressed at that 

G—21 
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time that the form which they represented would better be regarded as a species of 

Campophyllum than as a new genus. My position was that the structure was essen- 

tially similar to that of C. torqguium and that the budding was not a very practical 

character for generic use. If the non-verticillate corals associated with C. verticillatum, 

which Professor Barbour says are nearly identical and considerably more numerous, 

prove to belong to the same species as the other, the character in question would lose 
greatly in force in validating Craterophyllum as a distinct genus. The internal struc- 
ture, as Professor Barbour recognizes, is very similar in Craterophyllum verticillatum 

and Campophyllum torquium. Both corals show three distinct zones, each zone dis- 

tinguished by a certain arrangement of the structural elements. There are only two 
differences of importance which I am able to point out. I have never seen the line 

of demarcation between the central tabulate area and the intermediate zone as sharply 

defined in C. torquium as it is in some of Professor Barbour’s figures of C. verticillatum, 

but that degree of definition seems rather the exception than the rule in C. verticillatum. 

As a second difference, the large cystose plates that are developed in the intermediate 

zone of Craterophyllum verticillatum are directed downward toward the interior while 

in Campophyllum torquium they are directed downward toward the exterior. In some 
specimens of both species, however, the plates of this zone are so irregular or so approxi- 

mately horizontal that there is no striking general obliquity in their direction. These 

are real differences between the two corals but I wish to emphasize the fact that there 

are in C. torquium three distinct zones of structure and that the structures in each zone 

are essentially the same as in Craterophyllum verticillatum. 
Horizon and locality: Cherokee shale—Mulky coal horizon, station 307a (?). Kan- 

sas City formation—Chanute shale member, stations 174, 416, 424, 429a (?), Douglas 

formation—Oread limestone member, station 273 (?). 

Genus Fistulipora McCoy. 

Fistulipora zonata n. sp. 

Plate X XIX, figures 1, 2. 

Zoarium laminar to sub-hemispheric, attaining a diameter of about 40 millimeters 

and having an irregular base covered by an epitheca. At irregular periods two or more 
unusually flat cysts were simultaneously developed, thus producing zones of close 

texture, separating usually wider zones of loose texture. These zones, manifested pri- 

marily in the cysts, appear to have been connected, though less strongly and sharply, 

with the development of diaphragms in the zooecia. The periodic structure just de- 

scribed has been observed in several specimens and probably is present in all of themin 
a greater or less degree. The zooecia have an exceedingly brief prostrate stage and 
appear to spring almost directly from the epitheca in full size. They occur at more 
or less regular intervals and distinct maculae appear to be absent. Certainly well- 

defined areas without zooecia are not present. Four zooecia and three interspaces 
(varying to 3 zooecia and 3 interspaces) occur in 2 millimeters. The interspaces range 
in size from rather less to rather more than the diameter of the zooecia. The latter 
vary in absolute measurement from .31 to .36 millimeter in diameter including the walls 
which have a thickness of about .028 millimeter. The walls of the zooecia have essen- 

tially the same thickness as those of the cyst; both are stout. Most of the zooecia are 

nearly circular in section though nearly always with a slightly petaloid shape. Only 

here and there is a distinct lunarium seen. Diaphragms cross the zooecial tubes at 
frequent but irregular intervals which range from less than to more than twice a tube 
diameter. The cysts are distinctly smaller than the zooecia and occur in one or two 

rows between them. 
It has been customary to refer our Pennsylvanian Fistuliporas to one of the two 

species, F. nodulifera and F. carbonaria, though recently Condra has proposed a variety 

of the latter, F. carbonaria var. nebraskensis. The present form can scarcely be placed 
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under either species though it is nearer to F. carbonaria. It differs, however, in a 

number of points. /F. carbonaria is described as having the zooecia about 1-50 inch 
(or .5 millimeter) in diameter. In F. zonata they are much smaller (.36 mm. or less). 

In F. carbonaria they are represented as closely arranged and are never separated 

by more than one row of cysts. In this form they stand at about their own diameter 

apart and are separated by one, two, or even three rows of cysts. Possibly my thin 

sections of F. zonata are not oriented so as to show this feature but so far as observed the 

wall is straight and regular on all sides of the zooecia, quite different from the flexuous 
or corrugated line of the anterior side in F. carbonaria. Finally, F. carbonaria has well- 

marked maculae, a feature of which the present form shows no indication. We have 

here also the zonate structure of cysts and diaphragms which may not, however, be a 

specific character. 

F. zonata is distinctly more like the variety nebraskensis than typical F. carbonaria 

since the variety has smaller zooecia standing at wider intervals than in the principal. 

The zooecia are in fact even smaller than in F. zonata (.28 mm. as against .31 to .36 

millimeter). The chief difference would seem to lie in the presence of maculae and 

monticules in F. carbonaria var. nebraskensis. 

Though apparently distinct from typical F. carbonaria, F. zonata is perhaps the 

same form which Condra has identified as that species. His figures and certain parts 

of his description show differences from typical F. carbonaria which are at the same 

time agreements with F. zonata, and it appears not improbable that he may have had 

not true F. carbonaria but the present species. On the other hand his description con- 

tains other statements which certainly are at variance with F. zonata, such as the cita- 

tion of maculae and monticules. Some of the verbiage is evidently adopted from the 
original description of F. carbonaria, as the statement that the zooecia are ‘‘thin-walled, 

often contiguous at limited points’’ a circumstance which suggests that the author 

combined observations made on specimens actually belonging to F. zonata with quota- 

tions from the original description of F. carbonaria which he supposed to be the same 

species. 
Horizon and locality: Lansing formation—Stanton limestone member, station 690. 

Douglas formation—Oread limestone member, stations 169, 214, 272, 273, 293. Shaw- 

nee formation—Lecompton limestone member, station 288; Deer Creek limestone 

member, station 165; Calhoun shale member, station 206. 

Genus Batostomella Ulrich. 

The species here included under the genus Batostomella are not altogether typical 

and they would, by some writers I suspect, be placed under Rhombopora, at least 
if certain specimens were withheld from the investigation. I feel fairly confident, 
however, that these forms are allied to the Batostomellidae and that fact debars serious 

consideration of the genus Rhombopora, so long as Rhombopora is assigned not only 

to another family but to another order of Bryozoa. Their relationship to the Batos- 

tomellidae is indicated by the presence of maculae (some composed of groups of cells 

larger than common, others composed of groups of cells having thicker walls than com- 

mon), by the presence of monticules, by the fact that the walls, though mostly thickened, 

are over some areas thin asa very knife-edge and that such areas usually abound in young 

cells (mesopores?) and have the zooecia strongly indented by the large acanthopores. 

All these characters may not be found in every one of the species here considered but 
the species are so related that they must, I think, be placed in the same genus. On 

the other hand, a vestibulum seems to be developed here and there in some specimens, 
though certainly not now present over most of the surface, while parts of some specimens 
and especially of slender and apparently immature stems have the regular arrangement 

and rhombic apertures formed by obliquely intersecting ridges and descending into 

elliptical tubes, which we are accustomed to consider as characterising the genus Rhom- 

bopora. 
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It seems strange that in practice difficulty should be experienced in distinguishing 

between genera which are not even assigned to the same order, but the difficulty is 
not now experienced for the first time and its existence leads me to doubt whether after 

all Rhombopora really belongs with the other species with which it has been associated 

and should not more properly find place near, if not in, the Batostomellidae. I shall 

not try to decide the question, but merely present a few considerations bearing upon it 
and upon the classification of the Missouri forms. : 

The structure known as the vestibulum, which is shown in the most typical speci- 

mens of Rhombopora, is regarded as one of the characteristics of the genus by which 

it is distinguished from Batostomella or such genera. Theoretically, perhaps, the 

importance attached to the structure is not over-estimated. The crucial point is 

whether a similar appearance is not at times assumed by other types, the structure then 

being not a true vestibulum, though resembling it. Such a suggestion is demanded by 
the sporadic occurrence among my speciments of a structure resembling a vestibulum, 

though my specimens can hardly be placed in Rhombopora without radically modifying 
the definition of the genus, and I believe changing its taxonomic position. 

Another characteristic structure of Rhombopora is its hemisepta. These are 

not to be observed in all thin sections and certainly not in any of the thin sections of 

the Missouri specimens. To find this structure is, in my experience, the exception, 

and here again it may be asked whether hemisepta, or at least structures that may be 

and have been mistaken for hemisepta do not occur in the Batostomellidae. It is pos- 
sible that the central perforated diaphragms typical of “‘Stenopora’’ (now Tabulipora) 

might in rare instances have such a misleading appearance. Lee has found moreover 

that the perforation in an entire group of English species of Tabulipora is not central 

but marginal and diaphragms constructed in this way are hardly distinguishable from 

hemisepta. This fact might have an important bearing on the generic assignment of 

certain species and also on the determination of the relationship of the genus Rhom- 

bopora itself. 
Rhombopora is also characterized by the absence of mesopores, a character that may 

be connected with its regular growth. The Missouri species all possess “mesopores””’ 

in some degree and in some of them the “mesopores,”’ are very abundant over certain 

areas, thin walls, abundance of ‘‘mesopores,”’ and irregularity of arrangement being in 

the main correlated characters. 
It seems to me a very important matter to distinguish between mesopores and young 

cells and as a rule this distinction should not be difficult. Scattered apertures of sub- 

normal size would probably best be regarded as merely small or immature zooecia unless 

their nature as mesopores was fairly well demonstrated by differences such as being sub- 
angular while the zooecia are rounded; as being not only uniformly smaller than the 

zooecia, but not increasing in size; as originating in the cortical zone; possibly as being 

extremely abundant, and regularly distributed, or as less abundant and arranged in 

definite groups; or as being tabulate where the zooecia are nontabulate, or vice versa. 

Employing such criteria in the species from Missouri I would conclude that the small 
cells were young zooecia and not mesopores. They occur very sporadically and irregu- 

larly; they seem not to be distinguished from the zooecia in any way except by size, and 

the size of the zooecia is so variable that one would be at a loss to say whether certain 
cells were small zooecia or large ‘‘mesopores.’’ In one critical character their nature 

is doubtful. They appear to be a development of the cortical zone, and if they are so, 
their nature as mesopores would be pretty well established. The determination of this 
point, however, is attended with difficulties, and all the deceptive appearances would 
favor the conclusion that these cells did not extend back into the axial region. 

It is obvious that from a merely geometrical standpoint the introduction of new 

cells through the body of the zoarium is in a measure essential in colonies that have 

the cylindrical mode of growth. In an explanate growth it would be possible for the 
zooecia to be parallel and for new ones to be introduced only around the margins of the 

zoarium, so that increasing height would not bring with it any necessity for filling-in 
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structures. In point of fact many explanate colonies of ‘‘Stenopora” (which we must 

now call Tabulipora) exemplify this plan and show in fact very few small cells. In 

dome-shaped or hemispherical colonies where the zooecia have more or less of a radial 

direction some interstitial structures are necessary, but it may be questioned whether 
the hemispherical shape is due to the introduction of new zooecia, or the introduction 
of new zooecia is required by the hemispherical shape. 

In ramose forms, on the other hand, the zooecia have to meet an entirely new set 

of geometric conditions which are dual in nature. The stems of course increase in 
length by the prolongation of cells that are initiated in the axial portion, but bend more 

or less abruptly outward in the peripheral portion. There they have a radial direction, 

and it is evident that as they increase in length and as the branch increases in diameter, 

their apertures become farther and farther apart. There are three ways in which this 

divergence could be taken care of; by a corresponding increase in the size of the zooecia, 

which practically never happens, by a corresponding increase in the thickness of the 

walls, which happens in a minor degree; and by the introduction of new structures such 

as mesopores and young cells. It appears to be generally true among the “‘Stenoporas”’ 
(Tabuliporas) that the cylindrical and ramose forms have small cells in far greater num- 

ber than the explanate forms. I think that here the small cells should be regarded 

as young zooecia and not as mesopores, at least in such types as I have myself seen. 

In the cylindrical mode of growth the divergence of the zooecia is greatest in planes 

perpendicular to the axis of the branch, and is reduced to zero in planes passing through 

the axis, in which they are parallel to one another. Some types adjust themselves to 

these diverse conditions by an irregular arrangement accompanied by the introduction 

of young cells wherever space allows. Thus act many, perhaps all, of the Tabuliporas, 

so that the ramose forms show the same promiscuous arrangement as the explanate 

forms. In other types, among them some of the species that I have here, the arrange- 

ment is more regular, and it is perhaps a constant feature of such forms that the zooecia 

are elongated and, mirabile dictu, not elongated in a direction transverse to the branch, 

so as to neutralize their divergence but invariably in a longitudinal direction. It usu- 

ally happens too that the distance between any two zooecia longitudinally is greater 

than the distance laterally. I have no explanation to offer for what is undoubtedly a 

fact and a fact that is apparently a paradox. 

It may be that this longitudinally elongated shape of the zooecia marks an in- 

mature stage of the zoarium, in which the zooecia, blindly prescient that further en- 

largement in a longitudinal direction would be impossible, prepare, when the zoarium 

is forming, for growth in only one direction by assuming full development in the closed 
direction at the start. By such a hypothesis the lateral divergence between zooecia 

would be taken up by increase in width and in the thickness of the walls so that a stage 

would be reached in which the zooecia were circular and the walls of uniform thickness 
all around them. Some facts seem to support such a theory but nothing at all con- 
clusive. 

At all events the arrangement of the zooecia into rows, their elongated shape, their 

differential spacing, and the development, as often happens, of large acanthopores 

at the ends of the zooecia and of small granular acanthopores through the rest of the 
wall, constitute a specialized and more highly developed form of zoarium than the 

other and might be used if combined with other characters for generic characterization. 

I have said that it might be of first importance to know whether the small aper- 

tures scattered among the full-sized ones are really mesopores or only immature zooecia, 

for the reason that the mesopores, the normal zooecia, and the acanthopores are sup- 

posed to represent specialized and differently functioning zooids, and it would appear 

that the kind and degree of such specialization might be used rather more, or rather more 
uniformly than it has been, in the assembling of genera into families and larger groups. 

For instance, it might be justified to divide into several genera the numerous and varied 
forms that now are assembled under Lioclema which are characterized by having true 

mesopores in great abundance, and to place them in a family distinct from Tabulipora 
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(Stenopora) in which true mesopores, as I would be inclined to interpret them, are ab- 

sent. On the other hand, for similar reasons Streblotrypa, which has numerous mesopores, 

or what might be called mesopores, and no acanthopores except very small ones reported 

in some species, might be separated from Rhombopora, in which acanthopores are nu- 

merous and mesopores absent. These two genera were in fact originally placed in 
different families but have since been united in one. 

As I have already stated the forms from Missouri have been referred to Batos- 

tomella though not with entire certainty. The claims of Rhombopora have just been 

considered. It may be that Stenopora s. s. would be a better genus. It should be 

borne in mind that Lee has recently shown that typical Stenopora has non-perforated 
diaphragms and he proposes to restrict the generic name to species so constructed and to 

revive the abandoned term Tabulipora for species that have perforated diaphragms. 
All our American Stenoporas must by this proposal be referred to Tabulipora and it 

deserves consideration whether Stenopora in its new sense is not the same as Batosto- 

mella. 

The British Tabuliporas show a noteworthy difference from those of North America. 

One entire group of English species is, so far as known, unrepresented here, that with 

laterally perforated diaphragms. They are unrepresented, that is, unless by certain of 

our Rhomboporas. This, however, is unlikely, for the species having laterally perforated 

diaphragms as a rule show either moniliform walls, or an abundance of diaphragms, or 

both. In the main, however, the British species are characterized by their ramose 
growth and by the small size of the stems. Hemispherical and explanate, generally thin- 

walled species such as are so common in this country, are almost entirely absent in the 

English fauna whose delicate branched forms are superficially suggestive of our Batos- 

tomellas though they have annular walls and perforated diaphragms. 

Still more like our Batostomellas, however, are the British Stenoporas, for they not 

only have the slender ramose shape but also the non-perforated diaphragms of Batos- 

tomella. The British Stenoporas, however, have either annular walls or numerous 

diaphragms, or both, and in these respects differ from Batostomella. Lee recognizes 
one species of the latter genus in the British fauna, but B. bundorensis has rather 

numerous diaphragms, a considerable proportion of which are centrally perforated, and 

altogether the reference to Batostomella appears rather doubtful. Although in tangen- 

tial section the Missouri forms are very like some of the British Stenoporas in having 
thick walls, rounded zooecia, more or less numerous young cells, and numerous acantho- 

pores of two orders, as is shown in transverse or longitudinal sections, the British forms for 

the most part have annular walls and numerous diaphragms. Still, the difference of 

most importance as a generic character, the structure of the walls, varies so much in 

the British forms that some of them do not differ materially from the species found in 

Missouri. 

Batostomella greeniana n. sp. 

Plate XXVII, figures 1-1c. 

Zoarium in the form of slender cylindrical stems which branch very irregularly, 

sometimes at long intervals, sometimes at short intervals, sometimes by bifurcation, 

sometimes by lateral offshoots. Diameter about 3 millimeters, of which the axial 

portion comprises } more or less and the cortical zone about } on each side. 
Viewed in the large, these stems show much variation. Some seem to have small 

circular apertures and thick walls, while others seem to have thinner walls and rather 

larger and more angular apertures. Provisionally I am regarding the one type as 

representing the older, the other type as representing the younger condition of the 
branches. It happens that in the two specimens which most conspicuously show the 
large-celled, thin-walled condition, large acanthopores are especially numerous. Anoth- 

er explanation of these differences is that the one form represents a worn and the other 
an unworn condition of the stems. However that may be, I am provisionally including 

all in the same species. 
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Without being conspicuously disordered the cells are not arranged according to any 
fixed plan, and without being conspicuously varied in size small apertures, whether 

mesopores or young cells, are scattered here and there amongst the mature ones, some- 

times almost absent, sometimes much more numerous, but never abundant. In some 

parts, the zooecia appear to have more or less of a longitudinal arrangement, in some parts 

an oblique arrangement is conspicuous, but quite as often no arrangement appears. 

The walls between the zooecia if not worn smooth are covered with fine granules, among 

which are a few of larger size and much greater projection. There are certain areas 

where the walls are much thicker than elsewhere. I am doubtful as to the presence of 

areas distinguished by cells larger than common. Well-marked monticules are cer- 

tainly not present though the surface of the stems is more or less undulating so that mon- 
ticular prominences are suggested. 

The two young (?) branches selected for sectioning are distinguished as already 

mentioned by having thinner walls, larger and more angular zooecia and more numerous 

acanthopores which project far beyond the granules amongst which they occur. One of 

these specimens also has distinctly more numerous small cells than the other or than the 

thick-walled specimens. It is not always possible to distinguish small cells from other 

structures. Weathering may produce a similar appearance possibly at points where 

large acanthopores have been. Also where the walls are thick and granules occur on 
them, a pitted appearance is sometimes observed which suggests the presence of meso- 

pores or young cells, but which may be due to open spaces left among the granules. 

In tangential sections the zooecia appear as perfectly rounded, nearly circular 

or distinctly elliptical openings of which about 4 or 5 occur in 2 millimeters. They are 

regularly arranged, or irregularly, as happens. Small cells or ‘‘mesopores’”’ occur here 

and there but are nowhere abundant. The zooecia have a diameter of .14 to .155 milli- 

meter. In one section in which the zooecia are conspicuously elongated they have the 

width given above and a length of .21 to .225 millimeter They stand at about their own 
diameter apart (.14 millimeter) but the distance may be somewhat less, or, on the other 

hand, vastly more, as much as .35 millimeter. The zooecia are surrounded by a peris- 

tomous ring which is not encroached on by the acanthopores and is rather denser (darker) 

than the rest of the wall. This ring is about .04 millimeter thick. The intermediate 

portion of the wall, on the average rather less than half the entire thickness, is filled in 

with large granules or acanthopores arranged in single rows but increasing to three 

or more where the width of the wall renders it possible. They vary greatly in size, some 

very small ones being introduced to fill the angles where several of the zooecia come to- 
gether. These acanthopores are large and closely arranged, always less than their own 

diameter apart, and often so crowded as to be flattened and polygonal. Among the 

smaller ones are scattered rather sparingly others of larger size, .085 millimeter in diame- 

ter, which are probably normal acanthopores, while the others are granules. The dis- 
tinction is not, however, well marked as the acanthopores are not much larger than many 
of the granules. The acanthopores appear to be more regularly rounded than the 

granules (i.e., less subject to distortion by crowding) and to have a larger axis. Most 

of the granules show a central point or lumen which is usually small and transparent. 

In the acanthopores the central point is larger and in one slide it appears to be dark or 
solid. It is doubtful whether in these specimens there is any distinction in structure 

between the acanthopores and the granules in the one being concentric and the other 
granular. Many of the zooecia are surrounded by a circle of minute pores or ostia, 

sometimes by portions of asecond row. The pores have this appearance in tangential sec- 

tions where the cells are cut transversely and they have the same circular shape when the 

cells are cut longitudinally (as in longitudinal or transverse sections). It is evident 

from this that they must be merely points, not tubules. In sections tangent to the 

tubes, these pores are abundantly and rather regularly distributed. On the other 
hand, some of the tubes that are cut centrally show a line of these pores down each side 

close to the surface and it is evident that it is only the wall immediately around the 

zooecial tube that is thus punctate. The reason why so few of the tubes show these 
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structures when the section is axial or transverse, while so many show them in such 

abundance when the section is tangent, is difficult to determine. Were the punctae 

less numerous or more regularly arranged a plausible explanation of their apparent 

absence in so many of the tubes would be that the sections pass between the rows. 

From their abundance in sections tangent to the tubes, however, I should certainly 

expect them to be more numerous in the other sections. 

Not much additional is shown in transverse and longitudinal sections, at least that 

requires comment. There is the usual thin-walled central portion and the thick-walled 
cortical portion which in this species is relatively thick, apparently 4 of the entire 

diameter on each side. The zooecia appear to be open throughout, no unquestionable 
occurrence of diaphragms having been found. The walls make masses of various widths 

between the zooecia, and are traversed longitudinally by one or more dark bands cor- 

responding to the spines or acanthopores. There are conspicuous structure lines which 

lead up to them, especially in the peristomous portion of the walls where the fibers are 

directed obliquely away from the tubes outward toward the surface of the branch. The 

corresponding descending fibers are less conspicuous on the other side of the spine, but 

they can usually be seen. Now this is the structure of the normal acanthopore. The 
large spines supposed from their appearance in tangential section to be normal acantho- 

pores are far less numerous than are these structures as seen in transverse and longitu- 
dinal sections, a fact which somewhat suggests that all the spines in this form are normal 

acanthopores. : 

Another specimen (no. 130), which is included here but may belong in the variety 

regularis, has a diameter of 3 mm., of which the axial portion constitutes one-third. 

Superficially the zooecia are elliptical, rather regularly arranged, and separated by 

walls as thick as the zooecia are wide. I have three tangential sections of this specimen. 

One has the zooecia somewhat more than 0.14 mm. in width; one somewhat less than 

0.14; and the other partly more and partly less. In the first the length of the zooecia 

is from 0.21 mm. to 0.28 mm.; in the second it is 0.21 mm. or less; and in the third 

it is about the same as in the second. In this section especially some of the zooecia are 

nearly circular, while in the first they are conspicuously elongate. The interspaces 

do not differ materially in the different sections; most of them are from 0.21 mm. to 

0.28 mm. in width, but some are 0.14 mm. On the whole more wide interspaces are 

found between the cells longitudinally than laterally, but this difference is not striking. 

In a longitudinal direction four zooecia—sometimes four zooecia and one interspace, 

and in one place perhaps only three zooecia—occur in 2 mm.; in oblique rows five. 

The acanthopores are much as in the type specimen of the variety regularis, except 

that the large acanthopores are rather smaller and the small ones are rather more 
numerous. More of the walls have two rows instead of only one (the walls themselves 

being rather thicker) and more additional acanthopores are introduced where the walls 

broaden at the junction of several cells. The remaining structures call for little com- 

ment. A ring of denser material surrounds the zooecia and the walls adjacent to 

them possess a punctate structure. Diaphragms appear to be almost absent. 
A few specimens included here are very slender but at the same time very irregular 

in the arrangement of the zooecia. The one character makes their reference to Rhom- 

bopora lepidodendroides, which they otherwise much resemble, a matter of doubt, and 

the other makes doubtful their inclusion in the present species, for they are much smaller 
than normal specimens. Examples of this type were found at station 250 and at 
station 166. 

With some slender stems from station 657, apparently belonging to B. greeniana, 
was found a specimen which appears to be a basal expansion of the same species. It 

has essentially an incrusting growth but numerous slender stems spring up from it. 

Mesopores are few. There are many maculae having thick walls, but in the inter- 
mediate spaces the walls are moderately thin. 

Bastostomella greeniana is distinguished by the small size of the branches, the thick 
cortical zone, the large and crowded acanthopores and by other characters. In most of 
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these characters it differs from B. leta especially in the thick walls, the fewness of its large 

acanthopores, and the fewness of its “‘mesopores.’”’ In much the same way it differs 

also from Batostomella polyspinosa, which has besides, more numerous ‘“‘mesopores,”’ 

and much stronger acanthopores of the large size. One specimen referred to B. greeniana, 

however, has more numerous large acanthopores and more numerous “‘mesopores’”’ 

than normal and thus approaches nearer to B. polyspinosa. Of all these species, the 

most similar in some respects is Batostomella (Stenopora) spinulosa. The walls of 

B. greeniana are thicker, and the acanthopores more nearly of a size and more crowded. 

They are rather smaller than the large ones, and much larger than the smaller ones 

of spinulosa. 

Horizon and locality: Cherokee shale, stations 260, 263, 266. Henrietta forma- 

tion—Ft. Scott limestone member, stations 239, 245, 256; Pawnee limestone member, 

station 1266a 2 (?). Pleasanton formation, stations 231, 236a (?) 647 (?) 672 (?). 

Kansas City formation—Bethany Falls limestone member, station 250 (?); Chanute 

shale member, station 166. Lansing formation—Lane shale member, stations 285, 

285a, 657; Plattsburg limestone member, station 295 (?); Stanton limestone member, 

station 290a. Douglas formation—Jatan limestone member, station 289; Lawrence 

shale member, stations 205, 208, 283; Oread limestone member, stations 170, 225, 303. 

Shawnee formation—Lecompton limestone member, station 224; Calhoun shale 

member, station 197; Topeka limestone member, stations 179, 180, 211; Severy shale 

member, stations 212, 228 (?). 

Batostomella greeniana var. regularis n. var. 

This variety is rather abundant at station 180 where it is associated with typical 

B. greeniana. It is a slender branching form, ranging in diameter from 114 millimeters 
to almost 3 millimeters. The branching is irregular and commonly by bifurcation 

(much less often by lateral offshoots); it may also occur at either long or short intervals. 

The longest unbranched fragment is 14 mm. 

Superficially the branches show elliptical apertures rather regularly arranged in 
quincunx and consequently forming longitudinal and oblique rows. The intervals 

separating the apertures are rather wide. In certain areas, however, the arrangement 

is irregular and among the zooccia of normal size are distributed more or less numerous 

small ones. Furthermore, there are small areas which have walls of more than usual 

thickness and some of these project as low monticules. There are also much larger 

areas in which the walls are abnormally thin, and some of these also project as monti- 

cules. As a rule, thinness of wall, irregularity of zooecial arrangement, and abund- 

ance of small cells go together, and areas possessing such characters occur on stems on 

which regular arrangement, absence of small cells, and thick walls prevail. 

The spaces between the zooecia, that is the tops of the walls, are flat, but they may 
be very thin and reduced to mere edges. Only rarely, and then only locally, do the 

apertures appear vestibulate; as a rule the walls at the aperture descend abruptly 

without inwardly sloping sides. The tops of the walls, when not worn, are covered with 

granules, among which occur much larger and more projecting spines, located at the 

angles where three or more cells corner. Often the tops of the walls present the ap- 
pearance of being pitted instead of granular, and sometimes the pits are so deep that 

the zooecia appear to be surrounded by numerous mesopores. Probably the other 

interpretation is preferable, for these pits are after all superficial as compared with the 
small apertures which have sometime been called mesopores. 

One of the specimens sectioned (no. 16) is about 214 millimeters in diameter, of 

which the axial portion constitutes rather lessthanathird. Its length is 18 millimeters 

and it developed several branches. The surface is exceptionally well preserved. Over 

part of it the crests of the walls make rather straight oblique lines which are furnished 

with acanthopores at their intersections, and with granules along the intervening portions. 

This part may be vestibulated. Over another part the arrangement of the zooecia 
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is irregular, the walls are thicker, their flat tops furnished with acanthopores and several 

rows of granules. Small cells are relatively numerous. There are several small 

prominences, some with walls uncommonly thick, and some with walls uncommonly 

thin. Still a third aspect is presented by part of the surface which shows irregular 

angular cells interspersed with numerous small cells and separated by thin walls. Acan- 
thopores here are very large. : 

Tangential sections of this specimen show rather regularly arranged elliptical aper- 

tures about 0.14 millimeter in width, some more, some less, and about 0.21 mm. more 

or less in length. The intervals between them are also about 0.14 millimeter wide 

but some are much wider, as wide as 0.28 millimeter, or even 0.35 millimeter. The 

walls are not conspicuously thicker at the ends of the zooecia than at their 

sides. The acanthopores are very large—some of them as much as 0.11 

millimeter in diameter. They alternate with the zooecia in longitudinal rows and some 

of them flatten the end of the cell above or below, giving it an ovate shape. Much small- 
er, though still rather large granular acanthopores, make single rows down the inter- 

vening wall spaces. About 5 zooecia longitudinally and 6 obliquely occur in 2 milli- 

meters. The zooecia have a denser peristomous ring and some of them show a row of 

minute foramina surrounding the aperture. 

Another specimen (number 122) has a diameter of about 2 mm. and a very thin 

cortical zone, about .21 mm. thick. The zooecia have a width in cross section of .11 

mm., some a little more or a little less, and the length is .17 mm., varying somewhat in 

different cells. The walls laterally average about .14 mm. but some are as thick as 

-21 mm., and some as thinas.1 mm. _Longitudinally the average is close to .28 mm., 

but some are .35 mm. and some .21 mm. This does not include instances of irregular 

arrangement where one zooecium does not-follow another in a straight line but stands 
a little to one side or the other. In that case the distance between them is narrower. 

Six or seven of the zooecia occur in 2 mm. in oblique rows. In the same distance lon- 

gitudinally 4 zooecia and 4 interspaces occur, but the zooecia are not so regular that an 

end to end arrangement can be found for any considerable distance, and if they are a 

little oblique, the number occurring in 2 mm. is appreciably greater. Almost invariably 

each zooecium has a large acanthopore at one end, between it and the next zooecium 

above or below, but the acanthopore is rarely midway in position and may be so close 

to one of the zooecia as to flatten the end. Moreover, the same arrangement 

obtains generally, the zooecia regularly having the acanthopores near the 

distal or the proximal end, whichever it may be. Exceptions o:cur, as when the 

acanthopore is almost intermediate or when, rarely 2 acanthopores are developed, one 

near one zooecium and the other near the other. Secondary acanthopores of various size 

are present, the largest much smaller than the large acanthopores. They occur in 

one, two, or three rows, according to the width of the walls, but the narrowest parts 

of the walls do not have any at all. Diaphragms appear to be absent, but the sections 

are not favorable for showing their presence. In one place the usual punctate wall 

structure is shown close to the tube, but no other evidence of this was observed. 

This differs from the other specimen described in detail (number 16), which is 

the type specimen, in several minor particulars, but especially in having a much 
thinner cortical zone. Lee found that in the English species the thickness of the cor- 
tical zone bore a constant ratio to the diameter of the stem. If the same principle 
were employed in distinguishing species in the material from Missouri these two speci- 
mens would certainly represent different species. As such they may come to be re- 
garded, but my observations lead me to doubt the value of this character as applied 
to American forms. 

This variety differs from typical B. greeniana in the more regular arrangement of the 
zooecia, in their more elongated shape, in the fewer and smaller granular acanthopores, 

and in the relatively larger normal acanthopores. * 

Among the unusual or abnormal types included under this variety are a few speci- 
mens from station 170 which have conspicuous monticules and seem, from a superficial 
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examination, to be without large, spine-like acanthopores. Monticules are a rather 

rare and minor feature of this type, and the subordination of the large acan- 

thopores is more normal to true B. greeniana than to the variety regularts. 

Horizon and locality: Kansas City formation—Cherryvale shale member, stations 

167, 210; Drum limestone member, station 429; Chanute shale member, station 

429a (?). Lansing formation—Lane shale member, stations 163, 663. Douglas for- 

mation—Oread limestone member, stations 170, 273. Shawnee formation—Topeka 

limestone member, station 180. 

Batostomella (?) polyspinosa Condra. 

1902. Stenopora (?) polyspinosa. Condra, Am. Geol., vol. 30, p. 341, pl. 20, figs. 

6-10. 
Coal Measures: South Bend, Nebr. 

1903. Stenopora (?) polyspinosa. Condra, Nebraska Geol. Survey, Rept., vol. 2, pt. 

1, p. 46; pl. 5, figs. 1-5; pl. 6, fig. 1. 

Coal Measures: South Bend, La Platte, Bennett, and Tablerock, Nebr. 

1906. Stenopora (2) polyspinosa. Woodruff, Nebraska Geol. Survey, Rept., vol. 

2, pt. 2, pl. 9, fig. 1. 

Carboniferous: Cass Co., Nebr. 

The specimens chiefly considered here were obtained at Station 180 where they 

are fairly abundant. They comprise subcylindrical stems, circular to elliptical in 

section, and mostly from 3 to 5 millimeters in diameter. Some specimens are crushed 

flat, apparently having become hollowed out and then easily yielding to pressure. The 

stems are not straight, neither are they strongly bent. Branching appears to have been 

fairly frequent but irregular. Some specimens 25 or even 35 millimeters long show no 

indication of branching, while others have branched twice in 25 millimeters; for instance 

one with the points of branching 10 millimeters and another 15 millimeters apart. 

The branching may be lateral or bifurcatory and at various angles. 

The details of structure vary as widely as the form of the branches. In general the 

cell walls are rather thick, and furnished with one or two rows of small granules. Where 

the stems are worn the granules are inconspicuous, at least as projections, though 

under certain conditions they can still be seen owing to their different density from 
the rest of the wall. The thickness of the walls varies considerably ‘in different speci- 
mens and different parts of the same specimen. Small areas having distinctly thicker 

walls than the average form obscure maculae which sometimes project as low monticules. 

A few specimens, as in some from station 208, have very prominent monticules. Here 

and there groups of unusually large cells appear to form maculae of another sort. In 

some specimens, for no apparent reason, considerable areas show walls thinner than 

elsewhere. The zooecia are subcircular, usually more or less elongated, more or less 
irregular in shape, and of various sizes. They have no regularity of arrangement. 

Some of the very small openings might be regarded as mesopores though nothing but 

size distinguishes them from the mature zooecia. These small cells (or mesopores?) 

are usually sparingly developed. In some areas, however, they are abundant and as 

numerous as, or even more numerous than, the cells of normal size. The condition 

of abundant “‘mesopores”’ is apt to be correlated with that of thin zooecial walls, and 

where the walls are thin or the ‘‘mesopores’’ absent, the zooecia are apt to be corre- 

spondingly large, as if the number of zooecia normal to a certain area were constant 
and a thinning of the walls below normal were compensated either by an increase in the 

size of the zooecia or by the development of an unusual number of ‘‘mesopores.’’ 

In describing the more minute structure of this form I shall distinguish several 
different types disclosed by thinsections. It isnot thought that these differences charac- 

terize whole colonies so that they might perhaps be used for purpose of classification. 
Instead; they appear to occur on different parts of the same stem. In general it 

may be said that the cortical or mature and thick-walled region is rather sharply marked 
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off from the thin-walled axial region. In some of the larger specimens which have a 

diameter of about 6 millimeters, the cortical zone has a thickness of 114 millimeters or a 

little more, so that the axial portion comprises about 14 of the whole diameter. A 

smaller specimen 4 millimeters in diameter has a mature zone somewhat less than 1 
millimeter in thickness, so that here also the axial portion makes up about 14 the diameter 

or a little less. 2 
As seen in tangential section the zooecia are surrounded by a ring of material 

darker than that which composes the rest of the wall, indicating the presence of a sort 
of peristome. ‘This structure has no distinct boundary from the rest of the wall and is 

more noticeable in some sections than in others. Spines of two sorts are present, regular 

acanthopores showing concentric structure and smaller spines apparently made up of 

aggregated granules or dots of microscopic size. In species related to this, one of which 

Ulrich has described as Rhombopora crassa, the inner margin of the peristome shows a 

row of minute foramina suggesting tubules, and these are shown (again as apparently 

minute orifices or punctae) when the walls are cut parallel to the tubes and tangent 

to them. I am not sure that I have observed in the present species the phenomenon 

first described (the ring of foramina surrounding the zooecial tubes) but the second phe- 
nomenon is shown many times <o that the presence of these structures may be inferred. 

Of the several types of structure which I shall describe particularly, one is character- 

ized by having the walls thin and the zooecial tubes large. In this type the zooecia are 

irregular in size, in shape, and in arrangement; but the shape is always subcircular. 

It is rare that 7 zooecia occur in 2 millimeters, and the size, though variable and ranging 

up to .28 millimeter in diameter, is on an average about .25 millimeter in diameter. 

The interspaces range in thickness from almost linear to almost a cell diameter. The 

average is 3 to $ of a cell diameter or about .07 millimeter. Small cells are fairly 

numerous and there is almost every gradation in size up to the dimension for the mature 

condition already given. The walls are furnished with a single row of large granules. 

Where they are very thin the granules are absent. The triangular areas where three cells 

come together may be occupied by three of the granules, by an acanthopore, or by a 
young cell. The acanthopores are rather numerous and rather large; 1 to 4 may be 

found near each zooecium. Some of them indent the cells. This form strikingly re- 

sembles Batostomella polyspinosa and the identification is offered with confidence. 

A type with somewhat thicker walls and smaller cells is also shown by my sections. 

The zooecia here range in diameter from .18 millimeter to .28 millimeter with an average 

of about .21 millimeter. The walls vary in thickness from 14 to 1 cell diameter, with an 

average of about 4} diameter (.07 millimeter). Small cells are rather scarce in one 

specimen, abundant inanother. The granular acanthopores occur in single rows between 

the zooecia but where the walls are unusually thick they increase to two or three rows. 

In these sections normal acanthopores appear to be rather less numerous, are, in fact, 

almost absent over some areas though fairly abundant in others. 

In a third type of structure the zooecia are distinctly elliptical in shape and more 
regular in arrangement, manifesting a marked tendency to form longitudinal and oblique 

rows. The size here ranges from .18 to .24 millimeter in length with an average of .21, 
and the average width is .14 millimeter. The interspaces range from about } to 14 
the width of the tubes, the average being about .113 to .141 millimeter. The intervals 

laterally seem not to show any regular difference from the intervals longitudinally. 
Five or six zooecia occur in 2 millimeters longitudinally and 6 or 7 in the same distance 
transversely. The granular acanthopores occur normally in a single row but as usual, 

where the walls are especially thick a second or even a third row is found. Further- 

more, some of the granular acanthopores are much smaller than others (a phenomenon 

more conspicuous in this than in the other sections) and these smaller acanthopores make 

incomplete rows where the interspaces widen at the cell angles. True acanthopores 
are present but they occur at irregular intervals, close together in one place with almost 

every cell angle occupied by them, and far apart in another place with three or four 

cells between. Some of them strongly indent the tubes. 

——_—— 
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The foregoing description is considerably generalized and it may be of service 
to describe a few individual specimens of this variable form. 

Specimen 12. This specimen is regularly cylindrical, slightly curved, and has 

a length of 35 mm.; it is without branches. The diameter is 544 mm., of which the 

cortical zone comprises about 134 mm. on each side, and the axial region about 2 mm. 

Monticules composed of cells having a larger size and thicker walls than normal are 

unmistakably present, but they are small and low. Superficially the zooecia are ir- 

regularly arranged and subcircular, though varying much in size. Distinctly small 

cells (mesopores?) are not numerous. The walls also vary considerably, but no areas 

of extreme thickness -have been noted. Longitudinal and transverse sections show 

little requiring comment. Punctate structure has not been definitely ascertained in the 

walls surrounding the zooecial tubes in these sections. The presence of diaphragms also 

is not shown. In tangential sections the cells are rounded or somewhat polygonal. 

Though the zooecia and the walls especially, vary a great deal, the thickness of the 

walls appears to be about one-half the diameter of the zooecia. The very largest 

zooecia are perhaps .28 mm. in diameter, but the average is about .21 mm. Similarly, 

while the interspaces sometimes are as thick as .28 mm. they are more often as thin 

as .07 mm. The average is .17 mm., or even less. In these sections large acanthopores 

are almost wanting, and but few “‘mesopores’”’ appear. The smaller acanthopores, on the 

other hand, are numerous. They are closely arranged, mostly in single rows down the 

median line of the walls. Each has a light-colored center (axial tube) and appears to 
be made up of granules. Some of these acanthopores indent the cells. 

Specimen 13. This specimen is 26 mm. long and has a partially developed lateral 

branch at the lower end. The diameter is 6 mm., of which the cortical zone occupies 

nearly 2 mm. at each side. This stem is nearly straight and regularly cylindrical, with 

scarcely any evidence of monticules. There are, nevertheless, areas characterized by 
large cells and other areas characterized by thick walls. On the whole, this specimen 

is much more thin walled than no. 12, many of the walls being almost linear. Great 

disparity also is manifested in the size-and shape of the zooecia and in the thickness 
of the walls. Small cells are relatively numerous, and large acanthopores if not worn 

off make spine-like projections from the cell angles. In longitudinal and transverse 

sections one or rarely two complete diaphragms are shown in some of the tubes, and 

the coarsely punctate structure of the walls lining them is very conspicuous. Tangen- 

tial sections exhibit most of the characters observed on the surface:—the thin walls, the 

circular to more or less polygonal zooecia, the numerous ‘‘mesopores,”’ and the abund- 

ant large acanthopores. The thickness of the walls in this specimen varies from one- 
third to one-fourth the diameter of the zooecia. The zooecia themselves average rather 
larger than those of specimen 12. The largest has a diameter of .35 mm. and the average 

may be about .23 mm. Seven occur in a linear distance of 2mm. The walls vary in 
thickness from .03 mm. to .14 mm. with an average of about .07._ Large acanthopores 

are numerous, yet many cell angles are without them. The small acanthopores are 

smaller than in specimen 12 or, where the walls are thin, are absent altogether, but 

they occur in single rows (rarely in double rows) where the walls are thick. Some of 

the large acanthopores and some of the small ones indent the cells. 

Specimen 126. This specimen is a fragment which consists of a stem and its two 
branches, all three of about the same size. Superficially, it resembles the foregoing 

specimen (number 13) in its rather thin walls and rather numerous ‘‘mesopores,’’ but 
the walls are not quite so thin and the acanthopores appear to be less numerous. The 

diameter of the specimen is about 5 mm., of which the cortical zone comprises about 14 

mm. on each side. A longitudinal section demonstrates the presence of diaphragms 

(rare) and indicates a punctate structure for the lining of the zooecial tubes. My 

tangential sections show a greater irregularity of arrangement and a greater develop- 

ment of ‘‘mesopores” than would appear to characterize the zooarium as a whole. 

About 6 zooecia occur in a distance of 2 mm., but it is difficult to find 6 or 7 zooecia 
which form even an approximately straight line. The zooecia vary so much in size that 
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it is hardly practicable to give an average. Many of them measure nearly or quite 
.28 mm. in diameter, the walls ranging in thickness from .07 mm. to .28 mm., with an 

average of about .14 mm. Ina general survey of a tangential section, it would appear 

that the walls averaged half, or rather less than half the diameter of the zooecia. Large 
acanthopores appear to be rather more numerous than in specimen 12, but less numerous 
than in specimen 13. The small acanthopores are somewhat more numerous than in 
either, and more of the walls have two rows or parts of two rows. A number of the 

cells are indented by one kind of acanthopore or the other, but otherwise the cells are 

nearly circular in section. A peristomous ring is clearly shown. 

Specimen 128. Of the superficial character of this specimen, little can be said, 

as it is in large part covered by a growth of Fistulipora. It shows part of a stem which 

at the distance of 20 mm. divides into two branches. The walls appear to be rather 

thick and the zooecia rounded, nearly circular in one part of the zooarium, and elon- 

gated or elliptical in another. The diameter of the stem is 6 mm., and the cortical zone 

slightly less than 2 mm. in thickness. Diaphragms are not shown by my sections, but 

the walls adjacent to the zooecia are abundantly and coarsely punctate. In both my 

tangential sections the zooecia, though more or less irregular in arrangement, and though 
more or less interspersed with small cells, show a distinct tendency to occur in longi- 

tudinal rows and to be elongated in the direction of the rows. About 6 zooecia longitu- 
dinally and 6 or 7 transversely, occur in 2 mm. The thickness of the walls appears 

to be about equal to the short diameter of the zooecia, and not much difference is mani- 

fested whether the thickness is measured at the ends of the zooecia or at their sides. If 

anything, the lateral distance between the zooecia (about .18 mm.) is greater than 

the longitudinal (about .14 mm.). The zooecia range from about .21 mm. to .28 mm. 

in length, with an average of about .24 mm. Most of them have a width of about 

14 mm. Large acanthopores are rather numerous in one section and rather rare in 

the other, and some of them indent the cells. Rarely do they occur at the ends of the 

zooecia, the usual position being near the end but off to one side. The small acanthopores 

are of several sizes, and occur in single or double rows or partial rows, or form small 

groups where three or four cells come together. 
Most of my identifications of this and other species of Batostomella have of course 

been made without the aid of thin sections. Characteristic specimens of B. polyspinosa 

can readily be distinguished by external characters from characteristic specimens 

of B. greeniana, for they have larger branches, thinner walls, larger zooecia, and more 

numerous young cells. The larger branches and thinner walls are the most salient 
differences. On the other hand B. greeniana var. regularis is still further distinguished 

by the elongated shape of the zooecia and their regular arrangement. Nevertheless 

there are specimens which are typical of neither species, and these need further study. 

These stems agree with B. greeniana in being slender, but they agree with B. polyspinosa 
in having the walls thin, the zooecia very irregularly arranged, and the young cells dis- 
persed among them more or less numerous. The opposite condition, agreement with 

B. polyspinosa in the size of the stems and with B. greeniana in the thickness of the 
walls and other characters, occurs rarely if at all. Conspicuous examples of such slender 

stems having the general structure of B. polyspinosa have been found at station 278, 
station 284, station 200 where the specimens have thin walls, numerous mesopores (?) 

and very irregularly arranged zooecia, station 168, station 644, station 210, and station 

677 where again the arrangement is very irregular, the walls very thin, and the small 

cells numerous. 
Several specimens from which thin sections were made appear to belong to this 

group. One (no. 131) has the zooecia irregularly arranged, and the walls uniformly and 

moderately thickened. The diameter of this specimen is 2.5 mm. and the cortical zone 

is notably thin, being only about 0.25 mm. on each side, while the axial region is 2 mm. 

The two tangential sections show elliptical zooecia rather regularly and closely 

arranged. In one place a number of ‘‘mesopores’’ occur. The width of the zooecia is 

rather uniformly about 0.14 mm. and the length, though varying considerably, averages 
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0.21 mm. In one section the interspaces range from 0.07 mm. to 0.14 mm. in width. 

In the other they are distinctly thinner for though the range is not greatly different, 

very few areas thick as 0.14 mm. and many are as thin as 0.07 mm., while some are even 

thinner. However, as chis specimen has such a thin cortical zone the section may owe 

this peculiarity to being cut closer to the axial region. The walls develop granular 

acanthopores in proportion to their width, the thinnest walls showing them only in 
the thickest portions. The normal acanthopores are rather small. 

Another specimen (no. 18) has a diameter of less than 3 mm. and a thin cortical zone. 

The zooecia are slightly elongated. The walls are in places linear with large to medium 

normal acanthopores, but range to moderate thickness (14 the small diameter of the 

zooecia) with rather numerous granular acanthopores, and medium sized normal acan- 

thopores. These two specimens are from station 180. 

Two specimens from station 210 also probably belong in this group. They have 
a diameter of about8mm. The cylindrical branches are irregular, but they are without 

distinct monticules. The zooecia are irregular in arrangement and more or less circular 
in section. 

The interspaces are in some places unusually thin, in others unusually thick. 

Large acanthopores are located at all or nearly all of the points where three or more 

cells come together. 

Thin sections have been made from one of the specimens (no. 116), one transverse, 

one longitudinal, and two tangential. The diameter of the specimen is rather less than 

3% mm., of which the axial portion occupies about 214 mm., the cortical zone being 

only .42 mm. or less in thickness. The walls show very unsatisfactory evidence of 

being punctate at the surface of the zooecial tubes. Diaphragms are scantily developed 
and occur far down in the zooecia, below the mature zone. The transverse section 

exhibits the unusual character of acanthopores in the thin-walled axial region well back 
from the cortical zone. 

One of the tangential sections shows nearly circular zooecia separated by walls 

of about their own diameter which are mounted with numerous large and small acan- 

thopores. Six zooecia, less often five or seven occur in 2 mm. The zooecia have a 

diameter of .17 mm. Fewer attain this diameter than exceed it. The walls range in 

thickness from .07 mm. to .28 mm., but most of them have a.thickness of about .14 

mm. Large acanthopores occur at most of the intersections of the walls; some of them 

have a diameter of .1 mm. Granular acanthopores of various sizes, but less than half 

as large as the others, occur mostly in single rows down the central line of the walls. 

Where the walls are unusually thick, several rows are developed and small ones fill in 

the unoccupied portions, but always a peristomous ring is left about each zooecium. A 

few ‘‘mesopores”’ are present. 

The second tangential section is slightly oblique as is shown by distortion of the 

large acanthopores. Owing doubtless to this fact the zooecia here are elliptical instead 
of circular and the thin-walled condition exhibited by one end of the section is probably 

best attributed to the same cause (the obliquity of the section carrying it below the 
thin cortical zone) though it may be normal. In this part of the section the walls 

are linear and the cells polygonal: small acanthopores are absent and large ones are 

much reduced in size. They indent the cells at the angles where they occur. Small 

cells or ‘‘mesopores”’ are present, and they are also scattered among the zooecia in the 
rest of the section. 

The zooecia in this section, as already noted, are elongate but their shape may 

be due to a slight obliquity of the section. If so, the irregularity is rectified immediately, 

since the orientation of the thin-walled portion of it appears to be true. Six, rarely 

seven, occur in 2mm. Many areas wide as.14mm., but not a few are less. The 

average length is rather less than.21 mm., but many are as long as that, and a few are 

longer. The walls have an average width of about .14mm. The variation in thickness 

of the walls is much greater than the variation in diameter of the zooecia. The zooecia 
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increase in size and the walls diminish in thickness as the thin-walled part of the 
section is approached, where, as indicated by the more symmetrical shape, the orien- 

tation of the section is corrected. The remaining characters are as in the other 

section except that the large acanthopores appear to be rather smaller. 

Lastly there must also probably be included here Specimen 127. This is a small 

fragment, only 10 mm. long and about 4 mm. in diameter. Insofar as its characters 
are shown, this specimen appears to be without maculae or monticules and to have 

the walls uniformly rather thick and the zooecia of nearly uniform size, round or ellip- 

tical. The cortical zone is unusually thin, rather less than 1 mm., so that the axial por- 

tion is rather more than 2 mm. indiameter. Tangential and longitudinal sections show 

punctate structure in the walls contiguous to the zooecia, but fail to indicate the presence 

of diaphragms. Both my tangential sections show the zooecia to be elliptical in cross 

section, but they are irregularly arranged in one section and tend to be arranged in 

longitudinal rows in the other. Six occur longitudinally in 2mm. The two sections 

differ somewhat in the size of the zooecia. In one many of the zooecia have a length 
of .21 mm., though many are smaller and few larger. In the other section not a few 

of the zooecia have a length of .28 mm., and in both a few are as small as .14 mm. or 

even smaller, if certain small apertures are regarded as zooecia instead of “‘mesopores.” 

The average width of the zooecia can probably be stated as .14 mm. though some are 

as wide as .21 mm. and others smaller than .14 mm. The walls vary considerably, but 

appear to average about one-half the diameter of the zooecia. The maximum variation 

is from .04 to .18 mm., but most of the walls are between .07 mm. and .11 mm. thick. 

The average is probably about .1 mm. Large acanthopores (in this specimen not very 

large, few being over .07 mm. in diameter) are fairly numerous and many of them 

occur close to the ends of the zooecia, which they flatten or indent. Others occur 

between the zooecia laterally, but as the zooecia are not regularly arranged, those 

which are at the ends of certain zooecia may be more or less lateral to others. 

It will be observed that these specimens have a thick axial portion and a thin 

cortical zone. I am unable to state that the same relation exists in all the slender stems 
superficially resembling B. polyspinosa, but such is probably the case. Like typical 

B. polyspinosa these specimens have the axial or immature portion approximately 2 mm. 

in diameter, their smaller total diameter being due to their narrower cortical zone. The 

axial region in B. greeniana on the other hand is only about 1 mm. in diameter, but the 

cortical zone is developed to an equal thickness all around producing a stem in total 

thickness about equal to those under consideration. 
* These slender, thin-walled, thin-cortexed specimens are referred to B. polyspinosa 

on the assumption that they are stems that have not attained their full size and in which 
further growth would have increased the thickness of the cortical zone, without increasing 

the thickness of the walls or otherwise greatly modifying the structures of that portion. 
Now among ramose types of the Batostomellidae the size of the stem is, within certain 

limits considered a character of specific importance. It also seems to be generally and 
rightly held, that between a stage which may justly be called immature (the axial, 
thin walled, or immature region) and certain rare conditions which may justly be called 
senile, these stems exhibit a mature stage (the cortical or mature zone) in which the _ 
structures are essentially constant throughout. In both B. polyspinosa and B. greeniana 

the cortical zone is thick, normally about equal to the diameter of the inner axial portion. 
In both species then, specimens might range in size down to } the maximum diameter 
and yet display normal mature characters in every stage. Such characters then, in 
the case of B. polyspinosa, might be expected in stems ranging from 6 mm. to about 
2 mm. in diameter. 

It has been said that after the mature stage has once been initiated its structural 
characters remain essentially constant. In one respect a certain amount of change 

seems almost a geometric necessity. It is obvious that in the ramose mode of growth 

the zooecial tubes must be parallel lengthwise of the stem, else the stem would come 

toanend. It must be equally obvious that transversely to the stem the zooecial tubes 
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have a radial direction, and that the thicker grows the cortical zone, the farther are the 

zooecial tubes apart at the surface. Various ways of taking up this divergence at once 

suggest themselves, such as an increase in the size of the zooecial tubes, or an increase 

in the thickness of the walls, or the introduction of new zooecia, or a readjustment of 

the old zooecia, or in forms possessing mesopores, the introduction of these structures 

especially at the sides of the zooecia. In point of fact, one could almost say that none 

of these compensating developments do, and that some of them cannot take place. 

Increase in the size of the zooecial tubes could only take place in the direction of planes 

transverse to the axis of the branch. Strange to say, the zooecial apertures are often 

elongated, but always in a direction longitudinal to the stem, while thin sections show 

that the zooecial tubes are essentially cylindrical. It may be, however, that the zooecia 

have an elliptical cross section in the earlier and a circular cross section in the latter 
portions of the cortical zone, and that the divergence is too slight to be conspicuous in 

thin sections cut transversely to the branch. Similiarly, a differential thickening of 

the walls is a common feature of these forms, but the thicker walls regularly occur 

at the ends of the zooecia, not at their sides, in line with the long axis of the apertures, 

not with their short axis. Theoretically new zooecia must originate in the axial region 

and have a long, thin-walled, axial portion. The more or less numerous small cells 

which occur among those of normal size and which appear to originate in the cortical 

zone cannot be true zooecia, -if they so originate, and they must be regarded as meso- 

pores even though they have no special structures to distinguish them. As for the 

more typical and obvious sort of mesopores, their distribution tends to be symmetrical 

wherever any definite arrangement can be detected. > 

It remains only to discuss a possible readjustment of the zooecia themselves. I 

know not whether such a process could take place; it could only come about through a 

settling of the zooids outside of the skeleton already deposited. It at least seems to be 

true that such a process would result in a distortion of the zooecial tubes such as, I 

believe, is never observed. 

That such stems as we are considering do increase in girth as well as in length is 
obvious, but the use of size as a specific character implies that in each species there 

isa certain limit in their enlargement beyond which increase is slow or at which it possibly 

ceases altogether, so that in each species completely developed branches maintain a 

reasonable uniformity in size. This also raises the question of a minimum as well as a 

maximum limit of size, and the other related question whether the structure of the 

branches is not modified as the size increases from small to large. Barring subsequent 

changes, it would appear that the minimum size of such stems as these, in which the 

zooecial tubes change more or less abruptly from a longitudinal direction and a thin- 

walled condition in the central part of the stem, to a radial direction and a thick-walled 
condition in the cortical part, was fixed and predetermined by the size of the immature 

or axial thin-walled portion. The diameter of this axial portion might conceivably vary 
in different parts of the same stem, but since its diameter depends upon the number and 

size of the zooecia and upon the length of the immature condition (which partly determ- 

ines the number of zooecia in the axial region at a given stage) and since these factors are 
probably essentially constant, we may conclude that such fluctuations are not common 

and that irregularities in size are due to irregularities in thickness of the mature zone. 
If I understand him aright, Lee believes that while secretions are being added to the 

outer side of the thick-walled cortical zone, resorption is taking place on its inner side 

so that the axial region grows in size as well as the cortical zone, and a constant ratio 
is maintained between them. This ratio, then, becomes a feature of specific importance 

and Lee uses it as such in his classification of the British species. The opposite process 
might also take place, and secondary deposits might be added on the inner side of the 

cortex thus diminishing, as the other process increased, the size of the thin-walled axial 

region. Small changes by resorption or accretion might be very difficult to detect espe- 

cially in types in which the change from the immature to the mature condition was 

G—22 
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gradual and not accompanied by an abrupt change in the thickness of the wall and 

especially in the direction of the tube. : 

I am inclined to doubt the activity of either process to an appreciable degree in the 

forms which I have myself examined, and in the group of forms which I am considering 

it appears to me that the diameter of the immature zone after being once established 
remained essentially constant. I am also inclined to believe that in these forms the axial 

portion, instead of maintaining a constant ratio to the cortical zone, is itself constant 

within the limits of a species, and that the ratio is an ever-varying one until the full 

growth of the stem is attained—that the ratio is constant for all full-grown stems of a 

species, but not constant for the growth of any single stem. 

It is, however, debatable whether the last off-shoots of a large ramose colony, 

even when fully developed, might not have a smaller total girth and a smaller axial 

portion than the main trunk and branches. Still, if a stem starts out with a certain num- 

ber of cells in the axial region, having a certain size, and continued to a certain length 

before bending outward and assuming mature characters, it seems probable that the 

same number, and size, and length would be maintained in subsequent branchings, and 

also that if another colony showed marked differences in those characters, the differ- 

ences should be considered as specific differences. 

The character of the ramification also seems to be considered more or less of a 

specific character, and perhaps in some types greater regularity is maintained. The 
forms from Missouri, however, seem to branch at the most irregular intervals, at almost 

any angle, and by lateral off-shoots or by bifurcation indiscriminately. I do not see 

that there is any real difference between these two modes of branching. In both modes 

the parent stem divides into two branches, but in the one case both branches diverge 

from the line of the original stem, while in the other case one of the branches keeps on in 

the same direction as the parent stem and the other branch diverges from it. There is, 

however, another quite different kind of lateral branch which involves the distinction 
between terminal and lateral branching. At the growing end of a stem there are ap- 

parently a fixed number of immature thin-walled cells, of which the outer ones are in 

process of bending outward and taking on a thick-walled condition, and the inner ones 
are destined to grow forward, pass to the outer ring, and in their turn take on a mature 

condition and a radial direction. At certain periods, determined by conditions which 
no one has fathomed, the central group of cells is doubled, it divides into two diverging 
fascicles and a branch thus comes into being. In view of the fact that the axial portion 

of every stem is always thin-walled and the cortical portion always thick-walled, 

it is difficult to understand how branches can be given off in any other way, 
than at the ends of stems, yet specimens are found which have a young 

branch well down from any possible growing end. This condition might result 
from terminal branching in which one of the two off-shoots was much more 

vigorous than the other, but this explanation does not seem applicable to 
most of these cases. They can hardly be explained otherwise than by supposing either 
that in certain small areas of the mature stem the thick-walls of the cortical zone are 

resorbed and a young branch was proliferated, or else that similar areas remain thin- 
walled and immature for a certain period, prepared for such a contingency, being in 

fact latent branches. This hypothesis would account for the areas observed, for in- 

stance, on many specimens of B. polyspinosa characterized by having thin walls and 

numerous “‘mesopores”’ or young cells. An objection to both these explanations, 
however, is that it is not only a thickening of the walls by which the mature condition 
is characterized, but a development of acanthopores, granules, and sometimes mesopores, 
all of which are supposed to represent distinct and special kinds of zooids, the dis- 
appearance of which would be most difficult to account for. 

Horizon and locality: Cherokee shale, station 255a. Henrietta formation— 
Ft. Scott limestone member, station 232 (?); Pawnee limestone member, station 204. 

Kansas City formation—Cherryvale shale member, stations 162, 210 (?), 644 (?); 

Iola limestone member, station 168 (?). Lansing formation—Lane shale member, sta- 
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tions 163, 285, 297 (?); Plattsburg limestone member, station 296. Douglas formation 
—Lawrence shale member, stations 208, 278 (?), 299 (?); Oread limestone member, 

stations 170, 284 (?). Shawnee formation—Calhoun shale member, station 197; Topeka 

limestone member, stations 179, 180, 200. 

Batostomella sp. A. 

Under this title I am including several distinct, though apparently connected, 
types. The first group comprises a few small, incrusting zooaria distinguished by the 

thinness of their walls and the large number of their mesopores (?). The incrustations 

are very thin, a mere film upon Composita.or other forms. It is difficult to state the 

number of mesopores (?) even relatively as their distribution is irregular, but they are 

probably as numerous as the zooecia, if not more numerous. The walls are exceedingly 

thin, their tops smooth (when worn?) or armed with small granules. Normal acantho- 

pores occur at some of the cell angles, but where present they are small. 

A modification of this form is found at station 299. It appears to have the charac- 

ters-of the normal variety from which it differs in its appreciably finer structure. 

In this group of specimens no branches are developed. The mode of growth is 

like Tabulipora distans, but the cells are shorter, the walls thinner, and the mesopores (?) 

more numerous; besides these there are other differences. 

Another group of specimens shows what is provisionally considered to be a different 

stage of the same form. These also are incrusting. In a typical specimen of this 
group the walls are very thin in the outer parts of the zoarium, but toward the center 

they become thick and round the angles of the zooecia, and a slender stem, 1 mm. in 

diameter, which has similar thick walls and round zooecia, is given off. This specimen 

is in lot 300, and another like it is in lot 278. 

A third group of specimens, chiefly from station 165, consist only of slender stems, 

2 mm. in diameter or less. They resemble the stumps of stems that project from the 

basal expansion forming the group last described. These are slenderer than the stems 

of B. greeniana and have thinner walls. Similar stems occur in lot 221. 

All of this material is rather scanty and ill adapted for sectioning; microscopic 

study or the examination of more and better material may show that these specimens 

do not belong together as they now seem to belong. 
In some respects this form resembles B. spinulosa, but it has many mesopores (?) 

while spinulosa has few. Some specimens from station 170, though provisionally in- 

cluded under Batostomella sp. A. are more likely than the rest to belong to B. spinulosa. 

They occur as slender stems, 2 mm. in diameter arising from basal expansions, and are 
distinguished from the rest of the material by having fewer mesopores (?), and by 

other differences. 

Horizon and locality: Cherokee shale—Bevier coal horizon, station 238. Henrietta 

formation—Ft. Scott limestone member, stations 262, 661, 667,669. Douglas formation 

—Lawrence shale member, stations 278, 298, 299 (?), 300; Oread limestone member, 

station 170. Shawnee formation—Deer Creek limestone member, station 165(?); 

Calhoun shale member, station 187; Topeka limestone member, station 211. Wabaun- 

see formation—upper shale (Admire?), station 221. 

Genus Tabulipora Young. 

Tabulipora distans Condra. 

1902. Stenopora distans. Condra, Am. Geol., vol. 30, p. 241, pl. 20, figs. 3-5. 

Coal: Measures: Louisville, Nebr. 

1903. Stenopora distans. Condra, Nebraska Geol. Survey, Rept. vol. 2, pt. 1, p. 

44, pl. 5, figs. 6-9. 

Coal Measures: Louisville, South Bend, and LaPlatte, Nebr. 

Only one specimen has been studied by thin sections and it, consequently, is the 

one upon which the identification chiefly rests. It is attached to a Composita and is 
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only 20 millimeters across at the widest part. The thickness of the thin section is 1 

millimeter but the maximum thickness of the specimen may be 2 millimeters. The 

walls are undoubtedly thicker in some places than in others but there are no distinct 

thick-walled'areas. Similarly though the cells vary in size there are no distinct maculae 

nor though the surface is more or less uneven, are there distinct monticules. The zooecia 

are small near the margin of the zoarium, and over part of it they are conspicuously 

arranged in slightly decussating curved rows. They vary from strongly polygonal to 

sub-circular in section, according as the bounding walls vary from thick to thin. Here 

and there, one at a time, young cells occur among the large ones. Large acanthopores 

are a conspicuous feature of one end of the zoarium, but the other end, though appar- 

ently equally well preserved, scarcely shows them at all. 
The thin sections show many of the characters mentioned above. In addition, 

they show that the cells attain a diameter of .28 millimeter, though most of them are 
.21 mm. or less. Six or seven occur in a linear distance of 2mm. The walls are moder- 

ately thickened and in some the thickening is annular or periodic, but in most it is more 

or less uniform. Perforated diaphragms are abundant in most of the zooecia and they 

are as a rule considerably less than a cell diameter apart, but they may occur at much 
longer intervals. Large acanthopores are developed in some of the cell angles but are 

absent in many of them. Small acanthopores or granules also occur, forming rows 

along the median line of the walls. 
In most particulars this form agrees closely with T. distans, but there are some 

differences. T. distans is said to have one-third as many mesopores as there are zooecia, 

while in my specimen the “‘mesopores” are distinctly less than one-third. Condra states 

that the walls of distans are not plainly moniliform, while*the walls of my specimen in 

places plainly are. In my single rather poor tangential section some of the walls are 

thinner than any shown by Condra’s figure, and the acanthopores are rather smaller 

and less numerous, 
Horizon and locality: Cherokee shale—Mulky coal horizon, station 307. Henrietta 

formation—Ft. Scott limestone member, station 249; Pawnee limestone member, 

station 204. Kansas City formation—Chanute shale member, station 429a (?). Lan- 

sing formation—Plattsburg limestone member, stations 295 (?), 296. Douglas for- 

mation—latan limestone member, station 289 (?); Lawrence shale member, station 

208 (?). Shawnee formation—Lecompton limestone member, station 288; Severy 

shale member, station 228. 

Tabulipora vera n. sp. 

Plate XXX, figures 9, 9a. 

Zoarium in the form of irregular, more or less compressed stems, 7 mm. or less 

in diameter. Superficially the stems are seen to be made up of rather large zooecia 

with numerous small ones irregularly distributed among them. The small apertures, 

which are probably not of the nature of mesopores appear to be scarcely less numerous 

than the large zooecia, and are probably at least half as numerous. In some places the 

walls are thin, and the zooecia angular; in others the walls are much thicker and the 

zooecia rounded. Acanthopores are so few and small that the walls might at first 

be thought to be without them. Tangential sections show little more than this, save 

that the walls have distinct median lines made up of small granules. 
The mature zone measures about 1 mm. or less. My observations on the thickening 

of the mature zone and on the diaphragms are somewhat at variance. It seems almost 

necessary to infer from the marked variation in thickness of the walls, as shown not 
only on the surface of the branches but in thin sections, that the thickening was monili- 
form, but my observations on this point, not very numerous it is true, would indicate 

that it was nearly uniform. Similarly, in one thin section the diaphragms are rather 
numerous—about a cell diameter apart—while in another specimen not sectioned, these 
structures appear to be absent. As many as six zooecia occur in 2 mm. or as few as 4}. 
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T. vera is distinguished by its ramose mode of growth, its numerous diaphragms, 
and its acanthopores, which are unusually few and small. Of described forms having 
the ramose mode of growth some differ so widely in other respects that a detailed com- 

parison is not necessary. The most similar species is probably that described as Steno- 

pora polyspinosa. T. vera differs, however, in having more numerous diaphragms, 
in having the walls more distinctly annulated, in having more numerous mesopores, 

and in having smaller acanthopores, of which the smaller sort are little more than an 

interrupted median line. I am now referring the other species to the genus Batosto- 
mella, but T. vera appears to be a true Tabulipora. 

Horizon and locality: Wansas City formation—Bethany Falls limestone member, 

station 250. 

Genus Liopora n. gen. 

This genus grows in thin incrustations of small expanse and is composed of regularly 

arranged zooecia surrounded by abundant mesopores. Aggregations of numerous 

mesopores produce maculae which rise in low monticules. The cell structure is minute. 
Owing to the relatively thick walls, the zooecia and the much smaller mesopores are 

rounded. The walls are thickened in the mature region and irregularities in the deposit 

give them a distinctly moniliform appearance in sections which cut them longitudinally. 

The walls show no median line. Diaphragms are entirely absent, as are acanthopores 

and acanthopore-like granules. In many of the cells a slight projection springs from 

the bounding wall on one side (rarely more than one) as if showing the initial stage of 

fission, yet as none of the final stages are present, this interpretation seems inadmissible. 

A similar appearance is produced in some species by indenting acanthopores, but neither 

is this interpretation warranted by my observations in this case, for well-preserved 

surfaces show no projecting spines and thin sections show no differentiation in the 
walls such as usually indicates acanthopores or granules. 

The position of this form seems to be among the Batostomellidae. In the infrequent 

yet still occasional thickening of the walls it suggests Stenopora but differs in almost 
all other characters, the minute size of the cells, the abundance of mesopores, and the 

absence of diaphragms and of acanthopores. 

From typical Lioclema and from most of the variations of it at present included 

in the genus, it differs in the complete absence of diaphragms and of acanthopores, 

as well as, apparently, in the presence of the annular thickenings above mentioned. 
As figured by Ulrich, with numerous open mesopores and without acanthopores, his 

Kinderhook species Lioclema wachsmuthi is very much like the present type, but longi- 
tudinal sections of L. wachsmuthi show it to possess an abundant development of dia- 

phragms, and Ulrich describes the apertures as surrounded by spinules (acanthopores), 

a feature not shown in his figures. The peculiar indentation of the zooecial tube pos- 

sessed by this form is a character not found in any of the Batostomellide. 

Liopora subnodosa n. sp. 

Plate X XVII, figures 2, 2a; plate XXVIII, figures 1, la, 2, 2a. 

Zoarium in the form of thin expansions attached to other organisms (chiefly Com- 
posita subtilita). All the colonies observed are small, under 25 mm. in diameter and 

under 1 millimeter in thickness, usually under .5 millimeter. Macroscopically the 

zoarium is seen to be made up of small sub-circular zooecia and numerous sub-circular 
mesopores. The mesopores are assembled at intervals into groups or maculae which 

are somewhat elevated and the zooecia adjacent to the maculae are of slightly larger 
size than the rest. The maculae stand at intervals of about 3.5 millimeters and an 

arrangement in rows is rather conspicuous. A linear arrangement of the zooecia is 
also striking. - 

In tangential section the zooecia are seen to be rounded but irregular, slightly 

lobate or petaloid. This results from two causes. One is that the walls, though thick- 



342 STRATIGRAPHY OF THE PENNSYLVANIAN SERIES. 

ened, are not sufficiently thickened completely to round the cells which are subangular 
in shape. The other cause is a peculiar structure, an angular projection of the wall 

indenting the cell on one side. This is not found in all the cells, but it occurs in too 
many of them to be accidental. The petaloid aperture produced in this way is so 

obvious that a hasty observer, without of course the aid of thin sections, might easily 

mistake this for a peculiar fistuliporoid. I am at a loss to interpret this structure. 

It at first suggests reproduction by fission, but not only are some of the cells without 

this projection of the walls, but none of them shows it carried beyond an initial stage, 
so that this interpretation seems untenable. Similarly, though acanthopores some- 
times produce indentations of the cells resembling this, the walls in this form are con- 

spicuously lacking in acanthopore structures. In diameter the zooecia measure from 
.14 to .17 millimeter in one section, from .17 to .21 in another, and are usually about 

their own diameter apart (.07 to .21 millimeter). Six, rarely 7, occur in a distance of 

2 millimeters. In the vicinity of macul# they are more widely separated. The meso- 

pores are very much smaller though variable in size. They average about .07 millimeter 

in diameter, but many are smaller and some are larger, and they are disposed in one, or 

often two, rows between the zooecia; seldom three or more rows except near maculae. 

Like the zooecia they are more or less rounded, but they are more irregular than the 

zooecia in size and shape. Some are elongated with one diameter much greater than 

the other. The walls are rather thick for the diminutive cells which they divide. 
Those which separate the mesopores are indistinguishable from those which surround 

the zooecia, the whole making a network entirely uniform except for the size of the 

openings. In thickness they vary from .028 to .042 millimeter. They are entirely 
without traces of acanthopores. 

Sections cutting the cells longitudinally show a series of tubes of large and small 

caliber, the former occurring singly, the latter mostly in groups of two or three (not 

infrequently singly, too). The mesopores originate close to the base of the zoarium 

showing a very narrow immature zone. Diaphragms are developed in neither zooecia 

nor mesopores. The walls are thickened soon after assuming an erect position, and 
the thickening is annular so that longitudinal sections show a moniliform structure. 

Horizon and locality: Henrietta formation—Ft. Scott limestone member, stations 

245, 251. Kansas City formation—Chanute shale member, station 429a. Douglas 

formation—Oread limestone member, station 273. 

Genus Rhombopora Meek. 

Rhombopora lepidodendroides Meek? 

1866. Stenopora columnaris (pars). Geinitz, Carb. und Dyas in Nebraska, p. 66, 
(Not Schlotheim, 1813). 

Upper Coal measures: Nebraska City, Bennetts Mill, and Wyoming, Nebr. 
1872. Rhombopora lepidodendroides. Meek, U. S. Geol. Survey Nebraska, Final 

Rept., p. 141, pl. 7, figs. 2a-f. 

Upper Coal Measures: Nebraska City, Bennetts Mill, Wyoming, Rock Bluff, 
and Plattsmouth, Nebr.; Kansas; Iowa; Missouri; Illinois. 

?1877. Rhombopora lepidodendroides. White, U. S. Geog. Surveys W. 100th Mer., 
Rept., vol. 4, pt. 1, p. 99, pl. 6, figs. 5a-d. 

Carboniferous: West face of Oquirrh Range, near “E. T. City,” Utah, and at 
confluence of White Mountain and Black rivers, Arizona. 

1884. Rhombopora lepidodendroides. Ulrich, Cincinnati Soc. Nat. Hist., Jour., vol. 
7, p. 27, pl. 1, figs. 1-1b. 

Upper Coal Measures: Kansas City, Mo.; Nebraska City and Wyoming, 
Nebr. 

1887. Rhombopora lepidodendroides. Foerste, Sci. Lab. Denison Univ., Bull., vol. 2, 
p. 73, pl. 7, figs. 3a, b. 

Coal Measures: Flint Ridge and Bald Hill, Ohio. 



DESCRIPTION OF SPECIES. 343 

1887. Rhombopora ————. Foerste, idem, p. 74, pl. 7, figs. 5a-c. 

Coal Measures: Flint Ridge, Ohio. 

1888. Rhombopora lepidodendroides. Weyes, Acad. Nat. Sci. Philadelphia, Proc., 
p. 225. (Date of imprint 1889). 

Lower Coal Measures: Des Moines, Iowa. 

1895. Rhombopora lepidodendroides. Weyes, Missouri Geol. Survey, Rept., vol. 5, 

p. 35, pl. 33, figs. 4a, b. (Date of imprint, 1894.) 

Upper Coal Measures: Kansas City, Mo. 

1896. Rhombopora lepidodendroides. Smith, Am. Phil. Soc. Proc., vol. 35, p. 237. 

Upper Coal Measures: Poteau Mountain, Indian Territory. 

1897. Rhombopora lepidodendroides. Smith, Leland Stanford Junior Univ. Pub.; 

Contrib. Biology, Hopkins Seaside Lab., No. 9, p. 27. 

Upper Coal Measures: Poteau Mountain, Indian Territory. 

1903. Rhombopora lepidodendroides. Girty, U. S. Geol. Survey Prof. Paper 16, p. 

341. 

Molas and Hermosa formations; San Juan region, Colo. 

Weber formation: Leadville district, Colo. 

Carboniferous: Grand River and Uinta Mountain regions, Colo. 

1903. Rhombopora lepidodendroides. Condra, Nebraska Geol. Survey Rept., vol. 2, 

' pt. 1, p. 99, pl. 6, figs. 2-4, pl. 7, figs. 1-12. 

Coal Measures: Nebraska (20 localities). 

Permian: Blue Springs and Wymore, Nebr. 
1903. Rhombopora lepidodendroides. Condra, Am. Geologist, vol. 31, p. 22, pl. 2. 

Permian: Numerous localities in Nebraska. 

Permian: Kansas. 

1906. Rhombopora lepidodendroides. Woodruff, Nebraska Geol. Survey, Rept., 

vol. 2, pt. 2, pl. 9, figs. 2-4. 

Carboniferous: Nebraska. 

21908. Rhombopora aff. R. lepidodendroides. Girty, U. S. Geol. Survey, Prof. Paper 

58, p. 153, pl. 31, fig. 17. 

Delaware Mountain formation: Mountains northwest of Martahon, Texas. 

Under this title are assembled many small specimens which may not belong to 

one species or even to one genus. All of them are small, mostly 1 millimeter or less 

in diameter, and regularly constructed, oblique ridges making rhombic openings which 

rapidly contract to an elliptical tube. The crests of the walls are furnished with a 

row of granules and their intersections with one or two large acanthopores. This is 

true of the most typical and the best preserved specimens but many are poor and fail 

to show all these characters. For this reason and because no thin sections have been 

made of any, the relations of these specimens are uncertain. Some of them may repre- 
sent an immature condition of Batostomella greeniana var. regularis or, on the other 

- hand, to that species may have been referred branches that really belong here. 

One of these specimens found at station 658, preserves part of the basal expansion. 

The branch appears to be rather worn, as it shows thick walls which are flat on top, 
and elliptical zooecia without vestibula, and the same characters appear in the basal 

portion. Young cells are not present in either. 
Horizon and locality: Cherokee shale—stations 255, 307 (?) 708, 1268C1. Henrietta 

formation—Ft. Scott limestone member, stations 247, 256, 661, 674. Pleasanton for- 

mation, station 231 (?). Kansas City formation—Hertha limestone member, station 

233; Chanute shale member, stations 168, 173 (?), 416 (?). Lansing formation— 

Lane shale member, stations 658, 677; Stanton limestone member, stations 305 (?), 

691 (?). Douglas formation—Weston shale member stations 297 (?), 301 (?); Iatan 

limestone member, station 304 (?); Lawrence shale member, stations 208 (?) 300; 

Oread limestone member, stations, 178, 181 (?), 292. Shawnee formation—Calhoun 

shale, station 188; Topeka limestone member, stations 179, 211; Severy shale member, 

station 212. Wabaunsee formation—upper limestone (Emporia?) station 226. 
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Genus Productus Sowerby. 

The genus Productus is peculiarly characteristic of the Carboniferous. No other 
type has shown such great diversity of form and ornamentation combined with such 
close repetition of established structural characters. In the Carboniferous faunas of 

nearly every country the genus has accumulated such a number of species that some 

sort of reclassification is desirable if only from the standpoint of utility. Certain 
types more or less conspicuously Productoid have indeed been taken out and set up 

as distinct genera so that we have Marginifera, Tegulifera, Strophalosia, Aulosteges, 

and a few others, some of which have been on the border line between acceptance as 

genera and rejection as of subordinate rank. Yet under Productus itself a very large 

number of species still remain, vastly more than those that have been taken away. 
Various authors have sought relief in assembling these species into groups, using some 

well marked species as the center of each group, but the same groups were not recognized 
by different authors, nor were the groups given names such as could be employed in our 

binominal nomenclature. Thus, when a species of Productus was mentioned, one still 

had to be familiar with that particular species in order to have more than a very general 
conception of the appearance and character of the shell referred to. 

In a recent monographic study of the British Carboniferous Producti! Dr. Ivor 

Thomas has sought to establish a sub-division of the old genus Productus on lines differ- 

ing somewhat from those of other attempts. He makes only a few groups and bases 
them chiefly on external characters and their development, and he gives the groups 
generic names. In so far as these new groups are based on superficial rather than on 

structural characters it seems to me that they are perhaps a little less satisfactory than 

other brachiopod genera, though it is true that some other genera such as Composita, 

Cliothyridina, and Athyris are on much the same basis. The main point about Dr. 

Thomas's classification is how it will work. If the correct position of most species is not 
fairly obvious so that they are referred by different authors to different genera, the con- 

fusion arising will be worse than our present troubles. I propose in this place to try to 

distribute our American species of Productus among Dr. Thomas's generic units, but a 

failure to do so satisfactorily does not indicate the failure of his classification as judged 
by the test of practicability, for many assignments must necessarily be made on insuffi- 
cient data, the data of description and figures alone, or even descriptions alone, and 

sometimes poor descriptions and poor figures. ; 

In his classification of the Producti Dr. Thomas recognizes seven genera as follows: 
Productus Sowerby, 1814; Avonia gen. nov.; Pustula gen. noy.; Buxtonia gen. nov., 

Overtonia gen. nov., Proboscidella Oehlert, 1887; Etheridgina Oehlert, 1887. His 

classification is immediately framed, be it remembered, for British species and appar- © 

ently for only such species as have been included in the genus Productus. Some of these 
types either do not occur in the American faunas or have been recognized as representing 

distinct genera, so that only four of Dr. Thomas's groups are really concerned in a revision 
of our American Producti. -These with their generic diagnosesssummarized from Dr. 
Thomas's work are as follows: 

Productus: forms that are costate throughout all stages of growth; sporadic 

spines or even groups or rows of spines may appear on the costae? 
or intersections of costae and ribs (where the semireticulate feature 

is developed on the visceral part of the shell surface). Several phyletic 

series are probably present in this group representing distinct sub- 
sections. : , 

Avonia: forms which are spinose in the early stages but develop costae at a 
later period. 

1Thomas, Ivor, Geol. Survey Great Britain, Memoirs, Paleontology, vol. 1, 

pt. 4, pp. 197-366, 1914. 

*After considering several terms Dr. Thomas decides to use ‘‘costae’’ for 

the longitudinal ridges, and “‘ribs’’ for the transverse ridges, where such occur. 
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Pustula: forms which are essentially spinose in ornamentation. 

Buxtonia: forms characterized in the young and adult stages by a costate and 

spinose ornamentation, but in old age developing the spinosity alone. 

Overtonia, which is based on internal peculiarities of the brachial valve, may exist 

in our faunas but as internal structures are seldom seen and still more seldom figured, 

its presence must be left for future determination. The following list of American 

Producti, including a few from South and Central America, does not comprise all of the 

species that have been found, merely those that have been described as new or have 
been cited in such manner as to be included in bibliographies. 

Productus adairensis. 

- zequicostatus 

alternatus—Pustula alternata 

altonensis 

americanus 

arcuatus =Avonia acuata 

arkansanus = Avonia arkansana (possibly Pustula) 

arkansanus var. multiliratus=Avonia arkansana var. multilirata 

arseneaui=Productus ? arseneaui (diductor scars peculiar) 

auriculatus 

auriculispina 

batesianus 

biseriatus = Pustula biseriata ) 

blairi = Avonia blairi 

sf boliviensis 

us boonensis 

vs boonensis var. elevata 

oy borealis 

ce buchianus = Pustula buchiana 

a burlingtonensis 

“ calhounianus 

calhounianus var. kansasensis 

capacii—suggests the genus Marginifera 

carbonarius 

chandlessii 

cherokeensis = Productus inflatus 

clarkianus 

compressus 

confragosus 

cora 
cora var. mogoyoni 

coriformis = Productus pileiformis 

costatoides—suggests the genus Marginifer 

costatus 

curtirostris = Pustula (possibly Productella) curtirostris 

dawsoni 

dawsoni var. acadicus 

delawarii 

depressus 

dolorosus=Pustula (possibly Productella) dolorosa 

iy doubleti 

duplicostatus 

eucharis 

fentonensis 

fernglenensis 
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Products fimbriatus=Pustula fimbriata 

a flexistria 

gallatinensis 

geniculatus 
giganteus 

gracilis 

gradatus 

granulosus = Pustula granulosa 

guadalupensis 

guadalupensis var. comancheanus 

hepar—probably invalid 

hildrethanus 

_ humboldti=Pustula humboldti 

inca 

incurvus 

indentatus 

indianensis = Pustula indianensis 

inflatus 

inflatus var. clydensis 

inflatus var. coloradoensis 

insinuatus 

ivesi 

levicosta 

latidorsatus = Pustula latidorsata 

latissimus 

leei 

leplayi 

leuchtenbergensis = Pustula leuchtenbergensis 
limbatus 

lineolatus 

longus 

magnicostatus 

magnus 

margaritaceus 

marginicinctus 

martini 

meekanus = Pustula meekana 

mesialis 

mesolobus = Pustula mesoloba 

mexicanus 

montpelierensis = Pustula montpelierensis 
moorefieldanus = Pustula moorefieldana 

moorefieldanus var. pusillus = Pustula moorefieldana var. pusilla 

morbillianus = Buxtonia (possibly Pustula) morbilliana 
multistriatus 

nebraskensis = Pustula nebraskensis 

nevadensis = Pustula nevadensis 

newberryi = Avonia newberryi 

newberryi var. annosus=Avonia newberryi var. annosa 

nodicostatus 

nodosus 

norwoodi = Pustula norwoodi 

occidentalis 

ovatus 

papilio 
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Productus parvicostatus 
a3 parviformis 

parvulus 

parvus 

pectinoides—probably invalid 

pertenuis 

peruvianus =Pustula peruviana 

phillipsi—suggests the genus Diaphragmus 

phosphaticus 

pileiformis 

pileolus = Pustula pileola 

pinniformis 

pocillum—probably invalid 

popei 

popei var. opimus 

portlockianus 

prouti 

punctatus = Pustula semipunctata 

pustulosus = Pustula pustulosa 

pyxidiformis = Pustula ? pyxidiformis 

raricostatus 

reticulatus 

rhomianus—suggests the genus Strophalosia 

rushvillensis 

sampsoni 

scabriculus = Buxtonia scabricula 

scitulus 

semireticulatus 

semireticulatus var. arcticus 

semireticulatus var. capitanensis 

semireticulatus var. hermosanus 

semireticulatus var. kansasensis 

semistriatus—possibly a new genus 

setiger 

setiger var. keokuk 

signatus=Pustula ? signata 

spinosus—probably invalid 

subhorridus=Pustula ? subhorrida 

subhorridus var. rugatulus = Pustula subhorrida var. rugatula 

subserratus—suggests the genus Marginifera 

subsulcatus = Pustula subsulcata 

subsulcatus var. janus =Pustula subsulcata var. janus 

swallowi=Pustula ? swallowi 

symmetricus = Pustula symmetrica 

tenuicostiformis 

tenuicosta 

texanus 

undifer 

verneuilianus = Pustula verneuiliana 

villiersi 
: 

viminalis—suggests the genus Productella 

vittatus = Pustula vittata 

waagenianus 

wallacianus = Pustula wallaciana 

walcottianus =Avonia ? walcottiana 

347 
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Products weyprechti 
# wilberanus = Pustula wilberana 

winchelli = Pustula winchelli 

wortheni 

“a 

“ 

The foregoing list contains the astonishing number of more than 150 species and 

varieties, most of which occur in the United States, though a few names are introduced 

from the Arctic region, from Canada, and from South America. Some synonyms have 

already been eliminated; a few others are suggested here and still others will doubtless 

be discovered as work progresses. It is to be doubted, however, whether new species 

will not be found much more rapidly than old ones are discarded as synonyms. It 

should also be remembered in considering the differentiation of this genus in the western 

hemisphere that the list does not include foreign species which have been merely cited 
without accompaniment of descriptions or figures. 

It will be seen from a scrutiny of the list that the great majority of species still 

remains under Productus ss. Pustula receives most of those removed in the present 
classification, namely: 

Pustula alternata ° 

‘“~ biseriata 

buchiana 

curtirostris 

“2 dolorosa 

fimbriata 

granulosa 

humboldti 

indianensis 

latidorsata 

leuchtenburgensis 

meekana 

mesolobus 

montpelierensis 

moorefieldana 

“ 

a 
~ 

ony) 

var. pusilla 
nebraskensis 

nevadensis 

norwoodi 

peruviana 

pileola 

semipunctata 
pustulosa 

pyxidiformis 

signata 

subhorrida 

subhorrida var. rugatula 

subsulcata 

subsulcata—var. janus 
swallowi 

symmetrica 

verneuiliana 

“ vittata 

“  wallaciana 

“ wilberana 

* winchelli 

~wveustu 

~ 
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Avonia receives: 

Avonia arcuata 

Avonia? arkansana 

Avonia? arkansana var. multilirata 

Avonia? blairi 

‘* newberryi 

newberryi var. annosa 

? walcottiana 

and Buxtonia receives: 

Buxtonia ? morbilliana 

4 scabricula 

“ce 

On the basis of the genera introduced by Dr. Thomas, a possibly new genus will be 

found in Productus semistriatus which like Buxtonia has the early portion costate but 

the later portion not spinose but smooth. 

I would say again that the grouping offered here is preliminary. Some of the 
assignments will doubtless have to be changed when more is known of. the species 

or when our conception of the genera becomes more defined. Several species left under 
Productus ss. will probably be transferred to Avonia. According to my observations 

a number of species, Mississippian species especially, though regularly costate over 

most of their surface have the visceral region for a greater or less distance marked by 

discontinuous coste terminating in small spines. This character would apparently 
bring such species under the genus Avonia, but if the spinose region were very small, 

they would probably best be held under Productus. It is doubtful whether a sharp 
boundary can be drawn between these two genera. 

In Pustula Dr. Thomas seems to include not only shells that have numerous spines 
but shells that have only a few spines provided that they are not marked by radial cost. 
In his classification, based so largely, as it is, on sculptural features, he does not provide 

for species possessing cardinal or hinge teeth, and it may be presumed that his specimens 

do not show these structures. Indeed, he suggests that Productus sinuatus, which 

possesses an area and a delthyrium may form the nucleus of a new genus, and probably 

if Productella occurred in England he would have included it in his classification as a 
distinct genus. Many of our American Productellas would from their superficial 

characters belong in Dr. Thomas’s Pustula and since the determining characters 

of Productella are rarely shown and the status of many species is consequently uncer- 

tain, it is likely that some of the Mississippian types here placed with Pustula may 

prove to belong with Productella, and that some of the species at present cited under 

Productella and not considered here for that reason will prove to belong under Pustula. 

As yet no American shells can be referred definitely to Overtonia but some of the 

dubious Productellas, especially when their internal characters are studied more care- 

fully, may find place in that genus. One American species, Productella pyxidata, in 

some of its phases strikingly resembles Overtonia fimbriata, the type of Overtonia. So 

far as yet known the resemblance is only superficial. (Compare, however, Fig. 34 of 

Pl. 17, Geol. Survey of New York, Paleontology, vol. 8, pt. 1, 1891 which shows oblique 

brachial ridges comparable to those of O. fimbriata.) 

Genus Pustula Thomas. 

Pustula semtpunctata Say. 

Dr. Thomas has given an accurate description and figures of typical Productus 
(Pustula) punctatus as it occurs in the British faunas. If these are used as a starting point 

and if the same care is employed in discriminating species that was employed by Dr. 
Thomas, it becomes highly probable that the American form or forms so long known 
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as Productus punctatus can no longer be referred to the British species. Dr. Thomas 

himself mentions several differences (p. 309), as that the European species clearly differs 

in the bilobate character of the inner face of the cardinal process, and that White’s 

figure is quite distinct from Martin's form, both in general shape and ornamentation. 

“The concentric bands are more riblike and are each ornamented only by one row of 

spine bases, while the shell is more drawn out longitudinally.” White's figure is prob- 

ably inexact in showing but a single row of spines in each of the concentric bands, for 

all of the specimens that I have seen show several rows. The American forms, however, 

are characterized, many of them even more strongly than in White’s figure, by the 

elongated shape by which they are strikingly distinguished from typical Pustula punctata. 

If we conclude therefore, as seems necessary, that the American form or forms 

found in the Pennsylvanian (for the Mississippian shells may possibly belong to a still 

different species), are not identical with Pustula punctata as now limited, a new name must 

besought forthem. That first introduced is Productus semipunctatus Say, and although 

Say’s description and figure are extremely inadequate, there can be really little doubt 
of the form he intended to designate. If, however, more careful investigation proves 

that the Pennsylvanian faunas of the Mississippi Valley contain several species of this 

type, then indeed it would be difficult to say to Which the name Pustula semipunctata 

should apply. 

Horizon and locality: Cherokee shale, stations 266, 307a. Henrietta formation— 

Ft. Scott limestone member, station 707. Pleasanton formation, station 236a. Kansas 

City formation—Hertha limestone member, station 233; Drum limestone member, 

station 415; Iola limestone member, station 182. Lansing formation—Plattsburg 

limestone member, stations 185, 659; Stanton limestone member, stations 277, 290a. 

Douglas formation—Oread limestone member, stations 178, 273. Shawnee formation— 

Deer Creek limestone member, station 165; Topeka limestone member, station 200. 

Genus Marginifera Waagen. 

Marginifera muricata var. missouriensis n. var. 

Plate XXX, figures 2-2b, 3-3b, 4, 4a, 5, 5a. 

At certain localities in the Cherokee shale a small Productoid apparently belonging 
to the genus Marginifera occurs in great abundance. In its specific characters it re- 
sembles M. muricata but differs constantly in several ways so as to warrant recognizing 

it as a distinct variety. It is small and in shape subquadrate, marked by fine, regular 
costae which are crossed over the visceral region by fine, more or less strong and irregular 

transverse wrinkles. Numerous small spines spring from the cost and from the ears. 
From typical M. muricata this shell is distinguished by its small size and less trans- 

verse shape. The costz are finer and more regular and there is no trace of a sinus, 

a character sometimes faintly developed in the other species. On the contrary 
some ventral valves have the median part of the anterior prolongation raised into a 

sort of ill-defined fold, though I believe not as a constant feature. 
This variety resembles the Colorado shell described as M. ingrata in the fineness of 

its coste, but it has more numerous spines and a less transverse shape and it also lacks 
the sinus of M. ingrata. Although in my description of the latter species it is stated to 
be without a median sinus, both of the typical specimens show this feature in a slight 
degree though possibly as a result of compression. The present form suggests also 

Marginifera? nana but if the simultaneous bifurcation of the cost upon which Meek 
lays stress is a constant feature in that species, that constitutes a signal difference. Fur- 
thermore, I judge from Meek’s figure that M. ? nana has coarser coste. 

Horizon and locality: Cherokee shale, stations 1263 A3 (?), 1263 B4, 1263 Cl, 

1263 C3, 1263 C3+. 
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Genus Ambocoelia Hall. 

Ambocoelia lobata n. sp. 

Plate XXX, figures 1-1d. 

Shell rather large for the genus, sub-pentagonal in outline, transverse, widest 

just below the cardinal angles, which are rounded. 

The ventral valve is strongly convex, inflated in the median portion, abruptly de- 

scending to the sides which are, however, more or less projecting and lobate. A flatten- 
ing along the median line or a very faint sinus appears to be present. The beak is not 

as prominent and high as in some species of the genus. The cardinal area is narrow and 

rather poorly defined from the inflected sides. ; 
Dorsal valve very transverse, moderately convex, with a distinct median sinus 

toward the front and with two lateral sinuses which give this valve a four-lobed shape. 
The umbonal region is rather inflated for the genus with a small incurved beak. The 
two lateral sinuses cause the lateral outlines to be broadly reentrant and the median 

sinus joined with the faint sinus on the opposite valve produces a shallow, though 

abrupt, notch in the anterior outline, all adding to the peculiar lobate appearance of the 

shell. 
Surface smooth or covered by minute spines. 

If this is an Amboccelia the lobate configuration and the convexity of the dorsal 

valve distinguish it from our common Pennsylvanian species. Although I have but 

a single specimen, the differences are too marked for this to be merely an abnormal 

individual of A. planiconvexa. 

The generic position of this shell is in some doubt as it is not without suggestions of 

Squamularia. Its internal structures are unknown and I have referred it to Ambocoelia 

chiefly because of the surface which does not show the scars of relatively large spines 
regularly arranged in concentric rows, but instead, if not to all appearance entirely 

smooth, shows traces of very minute spines thickly set without any observable order. 

Horizon and locality: Shawnee formation—Lecompton limestone member, station 

183. 

Genus Leda Schumacher. 

Leda arata Hall. 

Plate XXXI, figures 1-8. 

1852. Nucula arata. Hall, Stansbury’s Expl. Surv. Gt. Salt Lake, Utah!, p. 413 

pl. 2, figs. 5a, b. 

Carboniferous: Missouri River below Weston. 
1899. Nuculana arata. Girty, U. S. Geol. Survey, Nineteenth Ann. Rept., pt. 3, p. 

581. 
Upper Coal Measures: McAlester quadrangle, Atoka quadrangle, Okla. 

Though first described in 1852, this species has only once subsequently appeared 

in paleontologic literature. It is nevertheless extremely abundant at several localities 

in the Leavenworth quadrangle near the base of the Lawrence shale and I am inclined 

to think that it has sometimes been confused with the well-known Leda bellistriata. 

It is, however, distinguished by conspicuous differences from that species, or at least 

from the common acceptance of that species for, if critically considered, Leda bellistriata 

10f this work there are several editions. The first appears to have been 

printed in Philadelphia in 1852 by order of the Senate; a second was printed in 

1853 by the Public Printer in Washington, by order of the House of Representatives; 

a third was printed in Philadelphia in 1855 apparently as an independent venture 

All three editions are essentially identical. 
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can scarcely be said to be well and authentically established; it rests more on Hall’s 

work than on Stevens’s. Of the correct identification of the present specimens with 
L. arata there can hardly be a doubt. They come from essentially the same locality 

and horizon as Hall’s type and agree with his description. 
Hall’s type specimen was fragmentary and also much smaller than some of those 

which have come under my observation. His description runs as follows: 

“Nucula arata. Shell oval-ovate, rounded before, and gradually narrowing behind 

the beaks (posterior extremity broken off); beaks prominent, closely incurved; posterior 

lunule elongated and distinctly defined; surface marked by distinct (rather sharp where 

unworn) equal concentric ridges, scarcely so wide as the furrows between them. The 
ridges, when seen in a longitudinal direction, have an imbricated appearance.” 

The abundant material which I have been fortunate enough to obtain enables 

me to make certain additions to the characters set down by Hall. The species attains 

a large size for the genus, some specimens having a width of 34 millimeters. The 
convexity is high but many specimens contract rapidly behind, both in height and in 

thickness, giving the posterior extremity an attenuated, nasute appearance. The 

escutcheon is sharply defined and deeply depressed. This structure is itself beveled along 

the hinge by a rather large ligamental area which in most specimens is distinct and sharp- 

ly defined and in many is continued under the beaks, reappearing on the anterior side. 

Altogether this receptacle for the external ligament seems to occupy about half the 

hinge length. ; 

The sculpture is relatively coarse and consists of unsymmetrical ridges which have 

the short abrupt slope on the upper and the long gradual slope on the lower side. In 

some specimens the ridges are more or less irregular toward the posterior end where 

several may unite in one and they die down to mere growth lines near the shoulder 

that defines the escutcheon. 
My specimens show the internal characters very incompletely. I am unable 

to give the number of hinge teeth which they possess, the most important character ob- 

served being a definite and rather large chondrophore shown by both of the specimens 

which expose this portion of the hinge. 
Writing of L. bellistriata Stevens in 1858 (the year that saw the publication of the 

paper by Stevens who may have communicated specimens to Hall), Hall states that it 

differs from L. arata in having the beaks more abruptly elevated, the escutcheon less 

strongly marked and the concentric striz much finer. These differences hold when tested 

by my abundant material. In my experience L. bellistriata is usually a much smaller spe- 

cies than this but some authors, as for instance White, have figured specimens as large as 
the largest of mine and have identified them with L. bellistriata, a circumstance which 
makes me somewhat mistrust the identification. Aside from size the most striking 
difference between the two species is the much coarser sculpture of L. arata. Hall has 

also called attention to the less prominent umbones of the latter species which has 
at the same time a more sharply and deeply depressed as well as a flatter escutcheon. 

The specimens of L. bellistriata which I have recently figured from the Wewoka forma- 

tion of Oklahoma represent about the average in my experience and are only about 

half the size of large specimens of L. arata. Young specimens of the latter, comparable 

in size to mature L. bellistriata, are more transverse, with the beak slightly more posterior 
and the posterior extremity much more produced and also with the sculpture conspic- 

uously coarser. 

Horizon and locality: Henrietta formation—Pawnee limestone member, station 

1266A2. Kansas City formation—Drum limestone member, station 429 (?). Lansing 

formation—Lane- shale member, stations 189, 657; Plattsburg limestone member, 

stations 296 (?), 682; Stanton limestone member, station 290a. Douglas formation— 

Lawrence shale member, stations 207, 208, 276a, 276b, 283, 298, 299, 300. 

iHall, James, Stansbury's expedition to the Great Salt Lake, 1852, p. 413. 
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Genus Conocardium Bronn. 

Conocardium missouriensis n. sp. (P. V. Roundy Mss.) 

Plate XXVIII, figures 3-3c. 

Shell small; length but little greater than the height. Beaks small, projecting 

slightly above the hinge line and apparently anchylosed. Hiatus very wide and long. 

The valves contract more. rapidly on the posterior than on the anterior side of the 

umbonal ridge. The posterior margin forms practically a straight line from the end of 

the ridge to the hinge line, while anteriorly the line is slightly sinuous (convex below 

and concave above) to the (broken) alate portion. This naturally gives a much greater 

prominence to the anterior part of the shell than is usual in the Carboniferous members 
of this genus. The umbonal ridge itself is well defined and has six small nodes. These 
may be varices of growth or an inherent character of the species. They are somewhat 

irregularly spaced, which would suggest the former view, yet the absence of similar nodes 

or other prominent growth characters on the remainder of the shell would point to 
their being a specific character. Anterior to the ridge there are 8 strong, well-rounded 
ribs, with interspaces somewhat wider than the ribs. No evidence of concentric 

sculpture is visible on this part of the shell. The alate anterior end has been broken 
off so that it is not possible to determine the characters of this extremity. 

On the posterior side the sculpture consists of about 11 very fine, radiating costae, 
the interspaces increasing in width to the posterior end (there are two more costae on 

_ the left valve than on the right). The coste are crossed by somewhat finer and more 

closely arranged liree which extend to the front edge of the umbonal ridge. Twenty- 
five of these liree can be counted on each valve. They probably originally numbered 
about 30. Dimensions: height 5.5 millimeters; greatest length 6 millimeters. 

This species more closely resembles the Mississippian species C. prattenianum than 

any of the described Pennsylvanian forms. It differs in having a larger part of the shell 
anterior to the umbonal ridge and in having a greater number of ribs on this part. The 

ribs on the posterior part of the shell are not as strong as in C. prattenianum, while 

the lira crossing them are but little weaker than the ribs themselves and show no traces 

of extending over onto the anterior part as in the latter species. This description is 
based upon a single specimen. 

Horizon and locality: Kansas City formation—Drum limestone member, station 
429. 

Genus Lima Bruguiere. 

Lima gregaria Meek and Worthen. 

1870. Monotis? gregaria. Meek and Worthen, Acad. Nat. Sci. Philadelphia Proc., 
p- 38. 

Coal Measures: Jacksonville, Ill. 
1873. Monotis? gregaria. Meek and Worthen, Geol. Survey Illinois, Rept. vol. 5, 

p. 573, pl. 26, fig. 5. 
Coal Measures: Jacksonville, Il. 

1895. Monotis? gregaria. Keyes, Missouri Geol. Survey, Rept. vol. 5, p. 114. (Date’ 
of imprint 1894.) 

Upper Coal Measures: Kansas City, Mo. 

Shell small, subovate. Valves with a rather strong obliquity, presumably back- 
ward. Hinge length rather more than half the greatest width. Outline straight above 
on the posterior side and directed obliquely backward, very full and rounding outward 
on the anterior side. Convexity high, the posterior side planate and strongly descend- 
ing, the anterior descent broader and more arching. 

G—23 
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Surface marked by elevated radial lines which are separated by relatively wide 

flattened interspaces and are more or less irregularly distributed, occurring sometimes 

singly, sometimes in groups of 2, 3, or 4. They cease abruptly toward the posterior 

side, the flattened posterior slope being entirely without them. Toward the anterior 

side they die down gradually and the anterior half of the shell may be nearly smooth 

or marked wholly or in part by radii which are very obscure, or at least less distinct 

than the median ones. On this account the present species, if correctly placed with the 

Limidae, may probably be included in the sub-genus Plagiostoma. 

Lima gregaria occurs at station 1254 B-1 where it is associated with Cardiomorpha 

missouriensis, with abundant Goniatites (chiefly, however, in larval stages), and with 

a few other forms, constituting a fauna not elsewhere found in the collection. I have 

also obtained what is almost certainly the same species from a horizon that is supposed 
to be approximately the same at Fort Scott, Kansas, in black shaly beds above the ce- 

ment rock. 

I feel little doubt that this is the species described by Meek and Worthen as Mono- 

tis? gregaria. Their specimens were flattened in shale and more or less distorted and 

they did not show the high convexity which is found in some of the present specimens 

preserved in a limestone matrix. Although referring this form provisionally to Monotis, 

Meek and Worthen suggested that it might possibly be a true Lima, in which genus, 

partly on account of the high convexity and other features in the configuration, I have 
thought best to place it. The chief objection to this reference seems to lie in the tenuity 
of the shell, a character which influenced Meek and Worthen in assigning it to Monotis. 

Horizon and locality: Cherokee shale—Mulky coal horizon, station 435 (?)._ Hen- 

rietta formation—Ft. Scott limestone member, stations 666, 1266 A 1. 

Genus Astartella Hall. 

Astartella compacta n. sp. 

Plate XXVIII, figures 4, 4a, 5, 5a. 

Shell small, transverse, subquadrate. Extreme width 34 to 4/5 the height. Hinge 

line straight, about two-thirds of the entire width, parallel to the basal outline. The 

latter rounds upward about equally at either end. At the front an inflection of the shell 

produces an emargination below the beak and causes the anterior extremity to have 

a pointed shape. On the posterior side the outline above the well-rounded posterior- 
inferior angle is nearly straight and it meets the hinge in a distinct angle of somewhat 

more than 90°. The convexity is rather high, the beaks large and incurved. The 
surface is marked by numerous regular, closely arranged, concentric lamelle. 

The generic characters of this species have not been observed and the generic refer- 

ence is based upon a number of minor points of configuration, the pointed anterior ex- 
tremity with a more or less sharply defined lunule above, the distinct posterior cardinal 

angle, and the somewhat upturned cardinal line. Although the shape and closely arranged 
sculpture are not without suggestions of Edmondia the characters mentioned indicate 

rather clearly, without however proving the point, that the generic relations are 

with Astartella. 
A. compacta is distinguished from all the American species known to me by the close 

arrangement of the concentric lamellz and it is distinguished from most of them also 
by its compact form which is unusually high for the width and which does not contract 
posteriorly. : 

Horizon and locality: Cherokee formation, stations 435, 1268A2. 
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Genus Pleurotomaria Sowerby. 

Pleurotomaria? persimplex n. sp. 

Plate XXXII, figures 1-1d, 2, 2a. 

Shell small, subdiscoidal, composed of 4 or 5 volutions; height nearly twice the 

width; spire low; volutions somewhat transverse in section, regularly rounded; sutures 

depressed; umbilicus small and shallow. Band rather broad, peripheral, on a level 

with the general curvature and consequently somewhat obscure, but defined by delicate 
depressed lines and by the curvature of the incremental striz. 

The surface is without revolving ornamentation, and entirely smooth save for 

obscure growth lines, which pass somewhat obliquely across the shell with a strong and 

fairly abrupt reentrant angle at the band. The general direction of the growth lines and 

the profile of the aperture is obliquely backward from the suture down, or obliquely 

forward from the umbilicus up, with the exception that the lower part of the outer 
lip has for a short distance from its contact with the preceding volution a backward 
instead of a forward direction. It then turns rather sharply forward as above described, 
thus producing a slight sinus. 

These shells might carelessly be referred to several species from which they are 

really quite different. One of these is Anomphalus rotulus, but besides certain specific 

characters such as the higher spire, the more deeply incised sutures, etc., P.? persimplex 

is at once distinguished by the presence of an unmistakable slit band. Rather similar 

also is Pleurotomaria? valvatiformis as shown by Meek and Worthen’s figures, but the 

resemblance diminishes with the recognition of the fact that the present form is four times 

as large and clearly lacks the revolving liree which mark, though obscurely, the other 
species. 

I know of no other species in our Carboniferous rocks which is really closely allied 

to P.? persimplex. In fact, it seems not improbable that this will form a nucleus of 
a new genus when the Pleurotomarias are classified, the distinguishing characters being 
the smooth surface and the small though distinct sinus on the posterior side of the 
aperture. 

Horizon and locality: Cherokee shale, station 1268A2. 

Genus Murchisonia D’Archiac and De Verneuil. 

Murchisonia missouriensis n. sp. 

Plate XXX, figures 6, 6a. 

Shell in the shape of a flat-based cone, elongate, tapering, consisting of about 

13 volutions. Length 14 mm., diameter 6 mm. The lateral and basal surfaces of the 

volutions are nearly plane, especially the lateral surface,and make an angle between 

them of somewhat more than 90°. The angle which they would thus form, however, 

is truncated by two strong carina, the upper rather more prominent than the lower, 

and ‘the intervening groove wider than either. The lateral surface of the volution 

is divided into three nearly equal zones by a pair of elevated revolving lines between 

which, rather than between the carinz, the slit band appears to lie. A faint revolving 

lira also is developed upon the basal surface some distance from the carina. The 

volutions overlap up to the lower carina and usually with such precision that this 
carina is not apparent except on the last volution. Lines of growth are almost in- 
visible. 

This species resembles Goniospira lasallensis. It is, however, a more rapidly expand- 

ing shell and is also smaller when composed of the same number of volutions. Further- 
more, the slit band is situated on the lateral surface instead of between the two edges of 
the carina, as it is in G. Jasallensis, which has no revolving lines on the lateral surface. 

Somewhat similar differences of sculpture distinguish M. missouriensis also from M. 

archimedea which is a larger and more rapidly expanding species. 

Horizon and locality: Cherokee shale, station 1268 A2. 
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Genus Goniospira n. gen. 

Of this genus Murchisonia lasallensis is taken as the type. The shape is long, slen- 

der, and many-whorled, 17 or 18 volutions being found in the type species. The volutions 

are more or less rhombic in section with a submedian carina, both above and below 

which the shell is flattened. The sutures are strongly reentrant and the shell as whole 

has a screw-like appearance. The slit band is situated on the periphery just below 
the angular carina, which forms its upper boundary. The character of the slit is not 

certain but it appears to be deep, about 4 of a volution in length. As determined 

by the lines of growth the aperture slopes forward from the slit on both the upper and 

lower surfaces, gently forward above the slit and strongly forward below it. The 

surface is almost smooth aside from growth lines of varying strength. The 

shell above the carina is devoid of spiral markings in the type species, but a pair of 

revolving ridges is developed about midway on the lower surface which simulate a slit 

band. The axis is solid. An inner lip is apparently present, the deposit continuing 

out on to the columellar portion of the outer lip which appears thickened and as if re- 

flexed. 
This type is clearly distinct from Murchisonia as based on M. coronata, nor is it a 

typical Pleurotomaria. It resembles Whitfield’s genus Lophospira more than any with 

which I am acquainted. From Lophospira, however, it differs in having a long slit(?) 

instead of a mere notch, in having a solid columella and in other characters. 

A small number of Pennsylvanian species resemble G. Jasallensis in a general way 

so closely as to suggest that they belong to the same genus, but they differ in important 

details. Murchisonia archimedea, a less slender species than M. lasallensis, may belong 

in Goniospira, but it is described as so to leave in doubt the position of the slit band 

and other significant characters. Murchisonia buttersi, a species much more nearly 

like G. lasallensis in shape, has revolving lire, cost transverse to the volutions, and a 

slit band situated on the periphery instead of just below it. Furthermore, the band 

is marked by revolving lire and by nodes. These differences appear to me to be generic 

and the name Helicospira is suggested for this species. Murchisonia collingsworthensis 

has a shape more like M. archimedea and the band is not peripheral but situated on the 

upper surface. M. gouldii is somewhat comparable to G. Jasallensis in shape but the 

slit band lies well above the carina and the surface is marked by revolving lire. Very 

similar in a general way is M. terebra, but M. terebra is marked by revolving lines and 

has the carina nodulose. The position of the band is not given. M. terebra appears to 

be especially related to H. butterst. 

Goniospira lasallensis Worthen. 

Plate XXX, figures 7, 8, 8a. 

1890. Murchisonia lasallensis. Worthen, Geol. Survey Illinois, Rept., vol. 8, p. 141, 

pl. 25, figs. 7, 7a. 

Upper Coal Measures: Lasalle, Ill. 

1903. Worthenia? lasallensis? Girty, U. S. Geol. Survey, Prof. Paper 16, p. 457. 

Hermosa formation: San Juan region, Colo. 

This species is rather abundant in several collections and though my fossils almost 

certainly belong to Worthen’s species, they show his description to be at fault in several 

particulars. The size attained is greater than that indicated by his figures, some 

specimens having a diameter of 10 mm. in the largest volution. My large specimens are 

incomplete at the apical end and my small ones incomplete by growth or by breakage 

at the apertural end. Some of the small specimens look as if they might belong to a 

small slender variety of the large ones. Nevertheless, when one of the small fragments 

representing the apical half is placed above one of the large fragments representing the 

apertural half, no discrepancy is apparent between the rate of increase of either the 
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spire or of the volutions. The smaller specimen has a length of 11 mm. and a diameter 

at the base of 4144 mm. It consists of 12 volutions. The larger fragment has a diam- 

eter below of 10 mm. (where it is still incomplete), a length of 20 mm., and it contains 

5 volutions. -If the measurements of these two specimens may be combined, a fairly 
large specimen would consist of 16 or 17 volutions, and it would have a length of 31 mm. 

with a diameter at the aperture of 10 mm. 
Worthen states that on the last volution there is a flattened band below the carina 

which is bounded below by a slight elevation and that this feature does not extend to 

the other volutions. These statements are incorrect in several particulars, for the 

site of the slit-band is the carina itself and the structure which Worthen mistakenly 

identifies as the slit band does extend to the other volutions. The carina is in fact accom- 

panied by a somewhat smaller but still rather prominent ridge and between the two is the 

real locus of the slit band. The second ridge is situated below the carina than which 

it is not only smaller but also, springing from the inward-sloping surface, less prom- 

inent. Worthen apparently overlooked the duplicate character of the carina and mis- 

took for the slit band the similar pair of ridges that are situated half way, or rather more 

than half way down the lower side of the volution. Like the carina and its fellow the 

upper ridge of the second pair is larger and more prominent than the lower but the false 

slit band is rather narrower than the true one. As to the identification of the slit band 
and its position on the periphery there can be no doubt. My specimens show the growth 

lines (which are rather strong and fasciculate) traversing the upper side of the volution, 

straight, or very slightly sigmoidal, and with a gentle backward obliquity from the suture 

to the carina, near which they are strongly inflexed. Below the carina the growth lines, 

strong here as above it, are distinctly curved, convex toward the aperture and strongly 

oblique from the carina forward. They cross the pair of ridges that lie midway on the 

lower surface without deflection and terminate at the ridge just below the carina with a 
backward swing. The deeply concave surface between this ridge and the carina is marked 

by lunate growth lines concave toward the aperture. Furthermore, one specimen 

which retains the aperture in fairly complete condition seems actually to show the slit 

at this position. It is deep and extends backward about 4 of a volution. This, 

however, is somewhat doubtful as the present condition may be due or partly due to 

breakage. 
By Worthen’s statement that the false slit band does not extend to the higher volu- 

tion one must of course understand him to mean that it is concealed on them, but even 

this is not entirely true. Normally, I believe, the suture is aligned with precision so 

as to fall on the upper of the two revolving ridges that comprise this structure. In some 
specimens, however, the alignment is not so precise and the upper ridge, together with 

more or less of the sulcus below it, are exposed. It may be that on some specimens 

both ridges are visible but I have not observed this. 

There is some inconsistency in my observations on the character of the aperture. 

That the shell has a solid axis there can be no doubt. Some specimens indicate the 

presence of an inner lip, others do not. Those that show this structure at all show the 

lower part of the outer lip to be thickened as if by a doubling back of the shell on itself. 

I suspect that there was an inner lip of which this duplication of the shell is a continua- 

tion and that the deposit may sometimes be thin as upon those specimens upon which 
it now seems to be absent, or that it may be developed only within the aperture or may 

in some way have been obscured. 
Horizon and locality: Lansing formation—Lane shale member, stations 189, 657; 

Plattsburg limestone member, station 682; Stanton limestone member, station 290a. 

Douglas formation—Lawrence shale member, stations 205, 208, 276b, 283, 298, 299, 

300. 
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Genus Naticopsis Me Coy. 

Naticopsis nana Meek and Worthen. 

1860. Platyostoma nana. Meek and Worthen, Acad. Nat. Sci. Philadelphia, Proc., 

p. 463. (Whole volume dated 1861.) 

Upper Coal Measures; Springfield, III. 

1861. Naticopsis nana. Meek and Worthen, Acad. Nat. Sci. Philadelphia, Proc., 

* p. 148. (Whole volume dated 1862.) 

1866. Naticopsis nana. Meek and Worthen, Geol. Surv. Illinois, Rept., vol. 2, p. 

365, pl. 31, figs. 4a, b. 

Upper Coal Measures: Springfield, Ill. 

1875. Naticopsis nana. White, U. S. Geog. Surv. W. 100th Mer., Rept., vol. 4, pt. 1, 

p. 159, pl. 12, figs. 4a, b. (Whole volume published in 1877.) 

Carboniferous: Camp Cottonwood, near Spring Mountain, Lincoln County, 

Nev. 

1884. Naticopsis nana. White, Dept. Geol. Nat. Hist. Indiana, 13th Rept., pt. 2, 

p- 162, pl. 36, figs. 6, 7. 

Middle and Upper Coal Measures: Indiana. 
1888. Naticopsis nana. Herrick, Sci. Lab. Denison Univ., Bull. vol. 4, pl. 11, fig. 8. 

Coal Measures: Fultonham, Ohio. 

1891. Naticopsis nana. Keyes, Acad. Nat. Sci. Philadelphia, Proc., p. 257 (Whole 

volume dated 1892). 

Lower Coal Measures: Des Moines, Iowa. 

1895. Strophostylus nana. Keyes, Missouri Geol. Survey, Rept., vol. 5, p. 196. 

(Date of imprint, 1894.) 

Upper Coal Measures: Clinton and Kansas City, Mo. 

1896. Naticopsis nana. Smith, Am. Phil. Soc., Proc., vol. 35, p. 250. 

Upper Coal Measures: Sebastian County, Ark. 
1897. Naticopsis nana. Smith, Leland Stanford Junior Univ. Pub., Cont. Biol. 

Hopkins Seaside Lab., No. 9, p. 40. (Printed also with same date and pagina- 

tion, but with a different cover and title page as a reprint of the Proc. Am. 

Phil. Soc. which in fact both are.) 

Upper Coal Measures: Sebastian County, Ark. 

1903. Strophostylus cf. nanus. Girty, Prof. Paper U. S. Geol. Survey, No. 16, p. 462. 

Carboniferous: Glenwood Springs, Colo. 

There are certain small shells in the collections which, though so differently shaped 

and ornamented, appear to be only young specimens of Naticopsis altonensis, but 

they might readily be mistaken for N. nana or a kindred form. They have, however, 

a higher spire and somewhat differently shaped volutions. I have one specimen never- 

theless from the same collection which appears to be a true example of N. nana, for it 

has a lower spire and more flat-topped and compressed volutions. It is rather smaller 

than Meek and Worthen’s type specimen but not greatly so. 
Horizon and locality: Cherokee shale, station 1268A2. Douglas formation— 

Weston shale member, station 301; Oread limestone member, station 219 (?). 

Naticopsis scintilla n. sp. 

Plate X XIX, figures 3-3c. 

Shell very small, composed of 2 or 3 rapidly expanding volutions; greatest length 
somewhat in excess of the greatest width. Spire rising but little above the last volution 
which is much elongated and strongly oblique. This volution is somewhat depressed 

or broadly sulcate on the upper surface just below the suture, which gives the shell 
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to some extent the shape of WN. alionensis and its allies. It probably belongs to the 
altonensis group, but those species when as small as this are very different. 

The surface is marked by fine strie of growth and by somewhat stronger strize 

at regular intervals. The umbilicus is closed and a distinct callosity is developed. 

In its small size this speciey suggests Naticopsis (or Strophostylus) nana. It is, how- 

ever, not only much smaller but the volutions are differently shaped being much more 

elongated in section and having the broad sulcus just below the suture. As regards its 
size two other specimens from the same locality are no larger than the type, so that 

this must be considered a mature form. 
Horizon and locality: WKansas City formation—Drum limestone member, station 

429. : 

Genus Naticella Munster. 

Naticella americana n. sp. - 

Plate XXXII, figures 3-3c. 

Shell small, subglobose, comprising 4 or 5 rapidly enlarging volutions. Greatest 

width slightly exceeding the greatest height. Volutions regularly and strongly rounded. 

Sutures deeply incised. Surface marked by thin prominent coste, regularly arranged 

at moderately wide intervals, in the deep grooves between which occur more or less 

irregular and unequal growth lines. 

The only American species inviting comparison with this is Naticella transversa 

from the Permian Red Beds. The present species is clearly distinct being larger, more 

high-spired, and somewhat more coarsely costate. My specimens indicate, though they 

do not show clearly, that the early stages of Trachydomia wheelerit bear a strong resem- 

blance to this species, the superficial nodes which are characteristic of Trachydomia 

arising by interuptions in the transverse ridges that are developed in the immature 

stage. When of the same size, however, 7. wheeleri appears to have had its peculiar, 

or at all events a different sculpture, so that I feel fairly confident that the present is a 

distinct species. The resemblance, nevertheless, raises a question of generic position, 

which I am at present unable to settle. 

Horizon and locality: Cherokee shale, station 1268 A2. 

Genus Zygopleura Koken. 

Zygopleura affinis n. sp. 

Plate XXXII, figures 6-6b. 

The best specimen of this form is 8 mm. long and 3 mm. in diameter and consists 

of about 11 volutions. The whorlsare somewhat flat-sided with the lower portion more 

strongly rounded so that the sutures, though distinct, are not deep. The plications 
are strong, about 15 in number on the largest whorl and they extend from suture to su- 

ture ending rather abruptly at the peripheral line, the lower portion of the final whorl 
being smooth. 

This species is most nearly allied to Z. plicata but differs in several respects. The 

shape is not so slender nor the size so large, the specimen described having about 11 
volutions at a length of 8 mm. while the type of Z. plicata has the same number of 

volutions at a length of 19 mm. The plications also appear to be more numerous for 

the size of the shell though actually my example has the same number which is given 

by Whitfield for his much larger specimen. Similar differences are shown when this 
form is compared with an associated specimen which has been identified as Z. plicata 

instead of with Whitfield’s description and figures. 
Horizon and locality: Cherokee shale, station 1268 A2. 
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Zygopleura nana n. sp. 

Plate XXXII, figures 5-5a. 

Shell small, conical, one mm. in diameter and rather less than 3 millimeters long, 

composed of 6 or 7 volutions. Volutions rather high, flattened at the sides and abruptly 
rounding below, embracing so far as to leave but a shallow suture and give the shell as 

a whole a smooth conical shape. The rate of increase in the size of the whorls is greater, 
however, in the younger than in the older stages which renders the shape somewhat fusi- 

form. The aperture is small, oval. The axis is solid. The sides are marked by rather 

large, rather strong, longitudinal plications, about 14 to a volution. 

This species is most closely allied to Z. rugosa and perhaps it might be considered 
only a dwarfed variety of it, especially as most of the associated species are small. 

Aside, however, from being only one-third as large, though composed of the same number 

of.volutions, the volutions are relatively higher with flatter sides and shallower sutures 
and the plications are less numerous. 

Horizon and locality: Kansas City formation—Drum limestone member, station 
429. 

Zygopleura nodosa n. sp. 

Plate XXXII, figures 10, 11, lla 

Shell large, turreted, composed of about 7 volutions. A large fragmentary specimen 
has the final whorl 18 mm. in width and it must have had a length of 45 mm. or more. 

The volutions are rhombic in outline. The surface above the periphery is somewhat con- 

cave, that below the periphery gently convex, the two meeting in an angle somewhat 

greater than 90 degrees. The periphery is strongly rounded and marked by a row of 

oblique, elongated nodes or pilae, of which about 17 occur on one of the larger volutions. 

They end rather abruptly at the peripheral line and die down more gradually above, be- 

ing traceable about one-third the distance to the suture. Above and below the nodose 

zone the surface appears to be smooth, the growth lines which were probably present at 

one time having been lost. The nodes are somewhat elongated and somewhat oblique, 

the upper end being posterior to the lower. They are separated by grooves of about 

their own width. It is probably due to this band of prominences that the shell appears 

concave below the suture. The axial portion of the outer lip is apparently reflexed so as 

to form a slender columella but the reflexed lip is narrow and bounded by a sulcus. 
This shell is probably a Zygopleura but is quite distinct from other species in the 

American Carboniferous, not only by reason of its larger size but by reason of the deep 
suture and the limitation of the plications to the peripheral region so that they appear 

more like nodes than elongated costae. No other species is comparable to this in size 

except Z. plena which, however, is larger, while the flattened side and deeper suture to- 
gether with the shorter, larger plications distinguish Z. nodosa not only from Z. cara but 

from all other American species yet described. 

Horizon and locality: Shawnee formation—Calhoun shale, station 206. 

Zygopleura teres n. sp. 

Plate XXXII, figures 4, 4a. 

Shell small, tapering, composed of 7 or 8 volutions. Length 314 millimeters, 

diameter 114 millimeters. The volutions are short with rather flat sides, strongly 
rounded below. They embrace so far as to leave a distinct though not deep suture, 

and the outline is therefore nearly smooth. The immature volutions increase in size 
more rapidly than the mature ones, so that the apical portion tends to be conical and 
the lower portion cylindrical, and a somewhat fusiform shape is produced. The aperture 
is small, oval. The axis is solid. 

The surface is marked by fine incremental lines parallel to the axis, which are 

gathered at regular intervals into fascicles or obscure plications, 
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The foregoing description is based upon the typical specimen. A second specimen 
is at hand indicating a considerably larger size (2 millimeters in diameter), but it is frag- 

mentary and I am not sure that it belongs to the same species. 
Z. teres is distinguished by its minute size, its fusiform shape, its slightly indented 

sutures, and its obscure corrugations. In one or all of these particulars it differs from 

other American species so that more detailed comparisons are not necessary. Indeed, 

the species is somewhat doubtfully referred to Zygopleura at all and would perhaps 

better be placed under Pseudomelania. It resembles Z. nana, but is less distinctly cor- 

rugated. This is not well shown in the figures; the shading which in this species suggests 

corrugations, appears in fact to represent color markings. 
Horizon and locality: Kansas City formation—Drum limestone member, station 

429. 
Subgenus Hemizyga n. subgen. 

In a peculiar phase of the fauna of the Cherokee shale there occurs a group of 

species which can not be included under Zygopleura without unwarrantably enlarging 

the scope of that genus, yet whose relationship to the Zygopleuras associated with 

them is so obvious that it seems doubtful whether they consititute an entirely distinct 

and independent genus. 
They pass, in brief, through a Zygopleura stage that comprises the major portion 

of the sheil. At a certain stage which occurs earlier in some forms and later in others, 

the characteristic longitudinal ridges of Zygopleura subside into growth lines of which 

the ridges may be considered fascicles, and a series of revolving striz is introduced, a 

feature which is quite alien to true Zygopleura. In one species an intermediate con- 

dition exists, the coarse plications of typical Zygopleura giving place to much finer 
markings such as are also found in forms referred to Zygopleura, but these in turn are 

succeeded by the final stage in which the revolving striz are developed. In one particular 

the statements made above involve an inference rather than a direct observation, for 

since the revolving lire are confined to the lower moiety of the volution, which is fully 

exposed only in the final whorl, it can not be positively asserted that they are a late 

development rather than a continuous feature of the individual. That it is a late, pos- 

sibly a gerontic, character seems probable from the close resemblance of the early 
stages to Zygopleura, in which such markings are not found, and from the modified 

condition of the Zygopleura characters in the final volution, on which alone these spiral 

strize have actually been observed. 

There may be some question whether these shells should not be referred to the Trias- 

sic genera Heterocosmia or Acrocosmia. One well marked and important difference 

from Heterocosmia is the fact that in the latter the revolving striz cover the entire 

shell instead of being confined as here to the later volutions and to the lower portion 

of those. Acrocosmia differs in having a very brief instead of a very long Zygopleura 

stage and in having the volutions flat-sided and flat-bottomed instead of rounded. 
It seems probable that the forms which in a recent paper Miss Mark doubtfully 

referred to the genus Aclisina (A.? cancellata, A.? costata, and A.? ornaia) may find place 

in this group. 
Hemizyga dubia n. sp. 

Plate XXXII, figures 9-9b. 

Shell small, conical, composed of 9 or 10 volutions. Length 10 mm., diameter of 

the final volution 4.5mm. Volutions transverse in cross section with well rounded sides 
and somewhat flattened base. Sutures deep. 

Surface marked as in Zygopleura by strong, regular plications, transverse to the 
volutions but longitudinal to the shell as a whole. The plications in this species are of 

equal size throughout, though tending on the last half whorl to become indistinct 

or obsolete. There are about 42 of these on the last volution where they are distinct 

enough to be readily counted. On this volution there are also traces of obscure revolv- 

ing cost, coarse and distinct on the sides, fine and indistinct underneath. 
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The spiral markings in this species, of which but a single specimen has been obtained, 

are not perhaps distinct and regular enough to remove them definitely from the cate- 

gory of the accidental. If this form is a Zygopleura, the shallow, well-rounded volutions 

and the fine costz will serve to distinguish it from associated species, of which Z. multi- 
costata is perhaps the nearest. 

In some respects this species resembles Aclisina? cancellata Mark, but it is a much 
larger shell and the plications are oblique in the opposite direction. 

Horizon and locality: Cherokee shale, station 1268 A2. 

Hemizyga elegans n. sp. 
Plate XXXII, figures 7-7b. 

Shell small, conical, consisting of 8 volutions; length 7.5 mm., diameter 4 mm. 

Volutions rather rapidly expanding, elongated in cross section and somewhat flattened 
above so that the peripheral line is below the center. Suture fairly deep. 

The surface is marked in the young stages by strong plications longitudinal to the 

shell as a whole, which are replaced on the last turn and a half by much finer, though 

sharp and regular, lire having a similar direction. These are less distinct on the lower 

part of the last volution where, instead, the surface is crossed by a large number of more 

or less wavy, unequal, crowded, revolving lirze of which traces can be detected on some 

of the foregoing volutions, though the volutions embrace up to about the line where the 
revolving lirze cease so that they would be for the most part concealed. 

Horizon and locality: Cherokee shale, station 1268A2. 

Hemizyga grandicostata n. sp. 

Plate XXXII, figures 8-8b. 

Shell small, conical, composed of 7 or 8 volutions. Height 9.5 mm., diameter of 

last whorl 4.5 mm. Volutions rather strongly and regularly rounded. Suture deep. 

Surface marked by strong plications which on the last whorl become somewhat 

finer and distinctly fainter, subsiding and disintegrating into rather strong growth 
lines on the lower half, where they are crossed by numerous fine distinct revolving 
lire, which are stronger and more conspicuous than the transverse markings. 

This species is distinguished from H. elegans most obviously by its much 

coarser plications. It isa more rapidly expanding shell than H. dubia and with more dis- 
tinct revolving lira. 

Horizon and locality: Cherokee shale, station 1268A2. 

Genus Bulimorpha Whitfield. 

Bulimorpha minuta Stevens. 

Plate X XIX, figures 4-4b. 

1858. Loxonema minuta. Stevens, Am. Jour. Sci., sec. ser., vol. 25, p. 260. 

Coal Measures: Sangamon County, and Danville, Ill. 

21913. Bulimorpha minuta. Mark, Geol. Surv., Ohio, Bull. 17, fourth ser., p. 317, 
pl. 16, fig. 15. (Date of imprint, 1912.) 

Portersville limestone: Portersville, Ohio. 

Entirely apart from questions of nomenclature, a subject which is itself consider- 
ably involved, it will probably always be difficult to refer specimens to the genera 
Soleniscus, Spherodoma, Bulimorpha, etc., because the only characters upon which 

reliance can be placed are not very striking, nor are they shown in the usual conditions 
of preservation. 

Associated with naticoid and loxonematoid forms in the interesting gastropod facies 

of the Cherokee fauna, there occur a number of small fusiform shells which probably 
are better referred to Bulimorpha than to Soleniscus or Spherodoma, since they show 

no indication of folds on the axis. As in most gastropod groups where specific distinc- 
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tions have to be made on differences in shape, often of no very great degree, and where 

the specimens are apt to be incomplete at the apex or at the aperture, I have found it 

far easier to select certain well marked types and identify them, than to assign the in- 

termediate or less perfect specimens. Thus in the collection to which these remarks 

chiefly apply one specimen closely resembles Bulimorpha chrysalis and is referred to 

that species with such confidence as is possible without the advantage of comparison 

with authentic or typical examples. Another specimen agrees nicely with B. inornata, 

if indeed Meek and Worthen’s species may be placed in the genus Bulimorpha. Another 

type is represented by some small, elongate shells, tapering almost equally at both 

ends. They are more slender than B. chrysalis and are considerably smaller, though 

composed of an equal or even greater number of volutions. 

The specific identification of this type is not easy. It is not as far removed taxo- 

nomically as it is geologically from the Mississippian species B. bulimiformis. Though 

the largest specimens included here are distinctly larger, this form appears to be quite 

similar to Stevens’ poorly described and unfigured Loxonema minuta in so far as it is 
possible to arrive at an idea of that species from the characters given. 

Possibly a fourth form is found in some specimens (when imperfect not always 

readily separated from the group last mentioned) whose distinguishing characteristic 

is, however, the shorter final whorl and the correspondingly higher spire. Provisionally, 

however, these have been included under B. inornata, although the most characteristic 

specimen of the latter is much larger. 

Stevens’ characterization of Loxonema minuta, unaccompanied as it is by figures, 

has proved so inadequate that different authors have referred to it quite different types 

of shells. From his known care asa worker, from his opportunities as a contemporary 

of Stevens, and from the source of his material which was Danville, Ill., the same as 

that of typical L. minuta, Meek may be supposed to have identified this species correctly 

in 1873, yet his figures show a form differently proportioned in several respects. 

Stevens does not mention the shoulder or angulation which produces a horizontal 

platform just below the suture, a feature distinctly shown by Meek’s figures, and he 

gives the length of B. minuta as exactly four times the height whereas Meek’s figure 

shows it to be 2.4 times. Meek’s shell was apparently a different and less slender species. 

Keyes though discussing B. minuta no less than three times, does not figure it nor fully 

describe it; apparently he based his identification on Meek’s and was dealing with 

the same species. Meek referred Loxonema minuta to Acteonina, Keyes to Bulimorpha, 

but as Meek’s form (and probably Keyes’) possesses the angulation below the suture 

which characterizes the genus Macrochilina (if, indeed, that feature is an important 

character), I prefer to cite it under Macrochilina, and as it seems to be distinct from 

typical Loxonema minuta, I propose to call it Macrochilina? danvillensis. 

Miss Mark has recently used the name Bulimorpha minuta (Stevens) for a minute 

shell from Ohio. As shown by her figures, however, this is different alike from typical 

Loxonema minuta and from the form figured by Meek. It is even more gibbous than 

Meek’s species, the height being only about 1.8 times the diameter (instead of 4 times 

as in the typical specimen); it lacks the angulation of Meek’s species, and it is much 
smaller than either. 

My own attempt to recognize Stevens’ species has more to commend it than either 

of those mentioned. My form is well nigh as slender as is demanded by Stevens’ descrip- 

tion, and agrees with it in most other particulars. The specimen which I figure, however, 
is larger than that on which Stevens based his description and there are other still larger 

specimens referred to the same species. 

Horizon and locality: Cherokee shale, station 1268 A2. Kansas City formation— 
Drum limestone member, station 429. Douglas formation—Iatan limestone member, 
station 289. 
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Genus Gonioloboceras Hyatt. 

Gontoloboceras parrisht Muller and Gurley? 

1894. Goniatites sp.2 Keyes, Missouri Geol. Survey, Rept., vol. 5, pl. 56, fig. 1. 
Upper Coal Measures: Missouri. 

1896. Goniatites parrisht. Miller and Gurley, IllinoisState Mus. Nat. Hist., Bull. No. 
11, p. 36, pl. 4, figs. 6-8. ¥ 

Upper Coal Measures: Kansas City, Mo. 

1900. Milleroceras parrisht. Hyatt, in Zittel’s Textbook of Paleontology, American 

Ed., Cephalopoda, p. 550. ‘ 

1903. Milleroceras parrishi. Smith, U. S. Geol. Survey, Mon. 42, p. 127, pl. 16, 
figs. 6-8. 

Upper Coal Measures: Kansas City, Mo. 

The fine black limestone at station 1254 B is crowded with Goniatites, most of them 

evidently very immature (since they have a diameter of only 1 or 2 millimeters or less). 

A few, however, are larger and of more nearly mature growth. Two quite distinct 

types are represented by these specimens and there may be others. One type has a 

strongly evolute growth and has been identified with considerable confidence as Gas- 
trioceras welleri: the other, which is highly involute, is less perfectly known and is re- 
ferred, though not with any certainty, to Milleroceras parrishi. This reference is entirely 

on the strength of a certain external resemblance, for the suture and consequently the 
generic position are unknown. 

Horizon and locality: Henrietta formation—Ft. Scott limestone member, station 
1254 B. 

Genus Gastrioceras Hyatt. 

Gastrioceras wellert Smith. 

1903. Gastrioceras welleri. Smith, U. S. Geol. Survey, Mon. 42, p. 98, pl. 24, figs. 

13-20. 
Des Moines formation: Carroll County, Mo. 

It is probable that the specimens here under consideration belong to the species 

named above, but if so they must be regarded as only half-grown individuals, save for 

a fragment which indicates an original size about equal to that of the types. Aside 

from this, a few specimens have a diameter of 11 millimeters or less, while a great 
number of very small shells have a diameter of 1 millimeter more or less, and probably 

represent the earliest stages of the same species. The larger specimens (11 millimeters 

in diameter) consist of 6 or 7 gradually enlarging, very evolute whorls which are trans- 

versely elongated in cross section and rather flat on the venter which is, however, more 
highly arched in the last whorl. The umbilicus is broad and deep. The surface on 

the internal mold is marked by rather fine, faint, regular, transverse strie. A part of 

the shell is preserved on the large fragment mentioned above and shows regular, trans- 

verse imbrications. None of my specimens shows the suture. 
Horizon and locality: Cherokee shale, station 1263C1. Henrietta formation— 

Ft. Scott limestone member, station 1254B. 

Register of Localities. 

162. West center sec. 16, T. 61, R. 29. Up branch 144 mile west of Little Sampson 

Creek, Cherryvale shale member of Kansas City formation. 

163. On road, southeast corner sec. 30, T. 52, R. 31. From shale below Broadhead’s 

108. Upper part of Lane shale member of Lansing formation. 

164. Same as 217, at the point between Turkey Creek and the Kaw, at Kansas City, 
Mo. Cherryvale shale member of Kansas City formation. 
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Broadhead’s 186. East central part of sec. 30, T. 59, R. 37, on high point 

between creek and Missouri River bottom. Deer Creek limestone member 
of Shawnee formation. 

On west side of creek near east side of sec. 5, T. 58, R. 29. South of township 

line. Northern extension of Iola limestone member of Kansas City formation. 

N.W. 144 N.W. i sec. 29, T.62, R. 26, where road crosses branch. Top of Cherry- 

vale shale member of Kansas City formation. 

Quarry on creek north of Burlington R. R., just east of Caldwell-DeKalb line. 
Limestone in Chanute shale member of Kansas City formation. 

Broadhead’s 150. In extreme northeast corner sec. 29, T. 59, R.36. Main 

ledge of Oread limestone member of Douglas formation. 

Quarry in bluff, between two creeks, east side of sec. 27, T. 59, R. 36. Broad- 

head’s 152. Stringer above main ledge of Oread limestone member of Douglas 
formation. 

Onroad west of creek, sec. 7, T. 51, R. 32. Below Broadhead’s 100. Lane 

shale member of Lansing formation. 

Broadhead’s 91. Second cut south of Elmira. Chanute shale member of 

Kansas City formation, just above Cement City limestone bed. 

On the east side of Milwaukee R.R. South of trestle in N.E. portion of sec. 

3, T. 54, R.29. Raytown limestone bed, in Chanute shale member of Kansas 

City formation. 

One mile north of Liberty in cut on Milwaukee R.R. Cement City limestone 
bed (?), in Chanute shale member of Kansas City formation. 

In ravine north of station 209. Henrietta formation (upper part). 

In creek northwest of cross roads see) T. 52, R. 32. Broadhead’s 95. 

Chanute shale member of Kansas City formation, between Raytown and 
Cement City limestone beds. ; 

Broadhead’s 150. Inravine on north side Burlington R. R. on line 3, 

T. 59, R. 35. Main ledge of Oread limestone member of Douglas formation. 
Broadhead’s 150. Near center of Atwood and Newell’s quarry at Amazonia. 

Main ledge of Oread limestone member of Douglas formation. 

One hundred feet northwest of bridge over Kinsey Creek, in extreme southern 

part of sec. 18, T. 60, R. 38. In shale between Broadhead’s 197 and 199? 
Topeka limestone member of Shawnee formation. 

Thirty-six to forty feet above Deer Creek limestone at the big quarry below 
Curzon. Topeka limestone member of Shawnee formation. 

Quarry in Broadhead’s 150. East of center of sec. 19, T. 58, R. 35. On Mis- 
souri River bluffs. Main ledge of Oread limestone member of Douglas 
formation. 

Same as station 168. Iola limestone member of Kansas City formation. 

In bed of creek, north central part of sec. 11, T. 59, R. 37. Upper layer of 
Lecompton limestone member of Shawnee formation. 

Extreme northwest corner of sec. 7, T. 55, R. 36. In Broadhead’s 143? South 

bank of Rushville Creek. Lower part of Oread limestone member of Douglas 
formation. 

In ravine on east side of sec. 2, T. 51, R. 35. Broadhead’s 108 at foot of bluff. 

Plattsburg limestone member of Lansing formation. 

S.W. 14 S.E. 14 sec. 20, T. 59, R. 29, Broadhead’s No. 111. Shale below main 
ledge of Stanton limestone member of Lansing formation. 

West of Stahl, south side of Job’s Branch, just above mouth. Summit coal, 
25 feet below top of Cherokee shale. 

Just east of line 23|24, T. 59, R.38. On Missouri River bluffs. Limestone lens 

in Calhoun shale member of Shawnee formation. 
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Road east of creek. East part of sec. 6, T. 51, R.32. Upper part of Lane shale 

member of Lansing formation. 

Broadhead’s No. 92, on Milwaukee R. R. one mile south of Bement, Clay County. 

Chanute shale member of Kansas City formation, between Raytown and 

Cement City limestone beds. 

Big quarry below Curzon. Broadhead’s limestone 186. Deer Creek limestone 

member of Shawnee formation. 
West side of sec. 6, T. 59, R.15. Near old railroad grade of lowa and St. L. R. R. 

Cherokee shale, 30-40 feet below top Mulky or Summit coal horizon. 

East side Rush Creek, 114 miles north of Liberty, west of Milwaukee R. R. 

Shale above Broadhead’s No. 85d. Cherryvale member of Kansas City 

formation. 

Quarry on west side of Burlington R. R., 1144 miles north of Liberty. Shale 

above 85a. Cherryvale shale member of Kansas City formation. 

Broadhead’s 90: South of road, east of creek, in sec. 4, T. 51, R. 32. Cement 

City limestone bed in Chanute shale member of Kansas City formation. 

Same as 166. Iola limestone member of Kansas City formation. 

Quarry at Forest City. Shale between layers of Broadhead’s 192. Calhoun 

shale member of Shawnee formation. 

On Burlington railroad, 3 miles south of Quitman. Topeka limestone member 
of Shawnee formation. : 2 

Same as 198. Broadhead’s 209. Topeka limestone member of Shawnee 

formation. 

Broadhead’s 197-199. Same as 197. Topeka limestone member of Shawnee 

formation. 

Quarry west of Trenton, Mo. Bethany Falls limestone member of Kansas 

City formation. 

Road side just west of house of J. M. Davis near southeast corner of sec. 28, 

T. 58, R. 24. Limestone (probably equivalent to Altamont limestone in Kan- 

sas). Pleasanton formation. 

Cap rock in Powersville coal mine. Henrietta formation, probably in the Fort 

Scott limestone member. 

East side of Grand River, 200 yards north of south line of sec. 21, T. 58, R. 24. 

Pawnee limestone member of Henrietta formation. 

Shaly limestone near base of Lawrence shale member of Douglas formation, 

10-15 feet above Broadhead’s No. 121. Missouri River bluff 1 mile northeast 

Kenmoor, Buchanan County. 
S.W. 4 N.W. \ sec. 9, T. 59, R. 37. Broadhead’s 192, above bridge. Lime- 

stone lens in Calhoun shale member of Shawnee formation. 
Gully in N.W. 14 sec. 33, T. 36, R. 54, where road leads up to house. Near 

base of Lawrence shale member of Douglas formation. 

Shaly limestone near base of Lawrence shale member of Douglas formation, 
10-15 feet above Broadhead’s No. 121. Missouri River bluffs at shale pit of 
Phoenix Brick Co., St. Joseph, Mo. 

At 81.3 mile post on Q. O. & K. C. R. R., east of Stahl. Summit coal, 25 feet 

below top of Cherokee shale. 

On south side of Little Otter Creek, 100 paces east of road on line between secs. 

19 and 20, T. 57, R. 27. Cherryvale shale member of Kansas City formation. 

Broadhead’s 209. South of railroad bridge over Nodaway River in N.W. 4 sec. 
16, T. 63, R. 37. Topeka limestone member of Shawnee formation. 

Between river and railroad track in N.W. 4 sec. 9, T. 64, R. 37. Top of Severy 

shale member of Shawnee formation, just under Howard limestone member. 

Broadhead’s limestone 137. South side of gully in north-central part of S.W. 

Y sec. 30, T. 56, R. 36. Amazonia limestone bed, in Lawrence shale member 

of Douglas formation. 
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Broadhead’s No. 150. On point of hill, sec. 20, T, 54, R. 36. Main ledge of 

Oread limestone member of Douglas formation. 

Iola limestone member of Kansas City formation, along Cliff Drive at Kansas 

City, Mo. 

First cut west of Gee Creek on C. R. I. and P. R. R. between Hickory Creek and 

Jamesport. Cherryvale shale member of Kansas City formation. 

Quindaro, Kansas. Broadhead’s 85-c. Cherryvale shale member of Kansas 

City formation, just above base. 

Tarkio limestone member of Wabaunsee formation. McKissick’s Grove, 

Fremont County, Iowa. 

In quarry in Broadhead’s 150. N.E. 14 sec. 36, T. 59, R. 36. Main ledge 

of Oread limestone member of Douglas formation. 

Same as 218. Cap rock of Nyman coal, 25 feet above Tarkio member of Wab- 

aunsee formation. 

Shale pit at Nebraska City, Neb. Limestone layer in shale in Wabaunsee 

formation. 

In gully in saddle between 2 outliers of Broadhead’s 186 on bluff of Missouri 
valley near line between secs. 30 and 29, T.59, R.37. Upper layer of Lecomp- 

ton limestone member of Shawnee formation. 

Broadhead’s 209 in ravine trending southeast in N.E. 144 N.W. 4% sec. 24, T. 

59, R. 38. Toepka limestone member of Shawnee formation. 

Broadhead’s 160-166. South-central part of sec. 19, T. 59, R. 35, in excavation 

on divide. Lecompton limestone member of Shawnee formation. 

Same as 178. From Broadhead’s 146 (upper part). Shale between lower and 

middle limestones of Oread limestone member of Douglas formation. 

Shale pit at Nebraska City, Neb. Limestone in Wabaunsee formation. 

Broadhead’s 160-166. In center of N.W. 14 sec. 25, T. 59, R. 36. Lecompton 

limestone member of Shawnee formation. 

Near center of sec. 32, T. 60, R.38. Severy shale member of Shawnee formation, 

just below Howard limestone member. 

Upper part of Broadhead’s 186 in hollow near center N.E. 14 sec. 23, T. 59, R. 
38. Deer Creek limestone member of Shawnee formation. 

Shaft of John Keynon. N.W. 144 N.W. 4% sec. 8, T. 53, R. 21. Bevier coal, 

about 100 feet below top of Cherokee shale. 
In old strip pit, 34 mile south of north line of sec. 5. East side of section where 

road turns east. T. 39, R. 33. Pleasanton formation, in shale that corre- 

sponds to Bandera shale of Kansas. 

Locust Creek, sec: 7, T. 61, R. 20, Sullivan County. Fort Scott limestone mem- 

ber of Henrietta formation. 

Broadhead’s 74. Railroad cut southeast. part Milan, Sullivan Co. Hertha 

limestone member of Kansas City formation. 

Railroad cut on Santa Fe just west of bridge over Mussel Fork. Fort Scott 

limestone member of Henrietta formation. 

Southwest corner of sec. 33, T. 40, R. 33. West side of road, south side of creek. 

Pawnee limestone member of Henrietta formation. 

Strip pit north of road in sec. 33, T. 40, R. 33. Pleasanton formation, in shale 
that corresponds to Bandera shale of Kansas. 

236a. Same as 236. Pleasanton formation, in shale that corresponds to Bandera shale 

237. 

238. 

239. 

of Kansas. 
In strip pit, southeast corner sec. 8, T. 40, R. 31. Pleasanton formation, in 

limestone that corresponds to Altamont limestone of Kansas. 

T. 60, R. 21 where line between secs. 23 and 26 crosses creek. Bevier sump rock 

in east bank of creek. Cherokee shale, 100 feet below top. 
Strip pit in northeast corner sec. 25, T. 40, R. 29. Lower limestone of Fort 

Scott limestone member of Henrietta formation. 
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In mound northwest of Monteith Junction. Upper limestone of Fort Scott 

limestone member of Henrietta formation. 

Limestone in road setae T. 46, R. 24, south of Knobnoster. Cherokee shale, 

upper part. 

S.E. 4 sec. 13, T. 38, R. 32, in bed of creek crossing road. Cherokee shale, 

about 75 fet below Fort Scott limestone member of Henrietta formation. 

Old cut, S.E. 14 N.E. 4 sec. 34, T. 39, R. 32. Lower limestone of Fort Scott 

limestone member of Henrietta formation. 

In road, in middle of sec. 12, T. 57, R. 19. Near west side of section. Con- 

cretions in shale over Mulky coal. Cherokee shale, 35-40 feet below top, 

Mulky coal horizon. 

N.E. 4 S.W. sec. 31, T. 58, R. 22. Bank Medicine Creek, Collier’s Mill. 

Hore “Scott ee member of Henrietta formation. 

Gully in south-central BATE sec. 7, T. 61, R. 20, Pleasanton formation. 

Railroad cut in N.W. 4 sec. 22, T. 44, R. 24. Shale just above lower limestone 

of Fort Scott limestone member of Henrietta formation. 

S.E. 14 sec. 5, T. 39, R. 33, west of schoolhouse. Top of Labette shale member 

of Henrietta formation. 

Shale above ‘‘10-in. cap’’ of Mystic coal, at bridge east of Youngstown. 

S.W. corner sec. 19, T. 62, R. 16. Fort Scott limestone member of Henrietta 

formation. 

Quarry southeast part of Milan. Bethany Falls limestone member of Kansas 

City formation. 

Strip pit north of road in S.E. } N.W. } sec. 33, T.42, R. 28. Upper surface 

of lower limestone of Fort Scott limestone member of Henrietta formation. 

South bank of north fork of Blackwater. West side sec. 12, T. 47, R. 28. Fort 

Scott limestone member of Henrietta formation. 

East side small branch, east side of main creek on road x, T. 39, R. 33. 

Pawnee limestone member of Henrietta formation. 

“Diamond Rock,” near center of west line of sec. 26, T. 39, R. 32. In old cut. 

Cherokee shale, 70 feet more or less below top. 
South of Rich Hill, Mo. Horizon just above Rich Hill thick coal. Cherokee 

shale, 150 feet more or less below top. 
5a. South of Rich Hill, Mo. From horizon just above thick coal. Cherokee shale, 

150 feet more or less below top. 

Mendota, Mo. Cap rock of Mystic-Mendota coal. Mine No. 9. Fort Scott 

limestone member of Henrietta formation. 

Near Carey strip pit, 114 miles east of Harrisburg, Mo. Cherokee shale, near 
Bevier coal horizon. 

On Chariton River, northest of Keytesville. From rocks associated with coal 
mined at Dooley and Cooley mines. Cherokee shale, near Bevier coal sump 

rock. 

Cap rock of Mystic bed. Dump of Big Jim mine, Seymour, Iowa. Fort Scott 

limestone member of Henrietta formation. 

N.E. 14 N.E. sec. 10, T.52, R.21. Two milessoutheast of Miami, Mo. From 

rocks above thin coal formerly mined. Cherokee shale, near local base. 
Dump of Trenton Mining Co. Cherokee shale, about 100 feet below top. 

Lower Ardmore coal horizon. 

Weston Coal & Mining Company's south mine, 4 miles south of Lexington, 
Mo. From the “Sulphur” immediately underlying the Lexington coal bed, 

in the Cherokee shale. 
One mile west of Novinger, Mo. In railroad cut, 10 feet above track. In 

light drab shale that lies under 1 foot of slate that is 45+ feet below the Mystic. 

Stahl coal. Cherokee shale, Summit coal. 
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Swanwick mine, Swanwick, Ray Co., Mo. From dump. Fort Scott limestone 

member of Henrietta formation. 
N.E. 4 sec. 33, T. 40, R. 33. Near Amoret, Bates Co., Mo. Pleasanton forma- 

tion from shale, just above Mulberry coal, material corresponds to Bandera 

shale of Kansas. 

One mile southwest of Hams Prairie, Callaway Co., Mo. Cherokee shale, at 

local base. 

One half mile east of Pickel sandstone quarry, northeast of Warrensburg, Mo. 

Cherokee shale, Mulky coal?, 80 feet from top of Cherokee. 

Two miles north of Knobnoster, Mo. Cherokee shale, impure limestone above 

Bevier coal. 

Gooding strip pit, 114 miles north of Hinton, Boone Co., Mo. Cherokee shale, 

in slate and “cap rock”’ of Mulky coal bed. 

Silver Creek, due west of Hallsville, Mo. Cherokee shale, in cap rock of Mulky 

coal bed. 

Leavenworth quadrangle, Leavenworth, Kansas. Cherokee shale, from above 

coal mined by Home-Riverside Coal Company, the Bevier coal. 

Leavenworth quadrangle, N.E. corner sec. 19, T. 54, R. 36. Upper limestone 

of Oread limestone member of Douglas formation. 

Leavenworth quadrangle, upper limestone of Oread limestone member of 

Douglas formation, in quarry northwest corner sec. 27, T. 8 S., R. 22 E. 

One mile northwest of Leavenworth. 

Leavenworth quadrangle. West side of Owl Creek in road in sec. 35, T. 54, R. 

35. JIatan limestone member of Douglas formation. 

Leavenworth quadrangle. Platte River bridge, sec. 34, T. 52, R. 35. Lane 

shale member of Lansing formation, just below Farley limestone bed. 

Leavenworth quadrangle. Same as 276a. lJatan limestone member of Douglas 

formation. 

Leavenworth quadrangle. Bluff 14 mile north of depot at Weston, Mo. Near 

base of Lawrence shale member of Douglas formation. 

Same as 276a. Near base of Lawrence shale member of Douglas formation. 

Leavenworth quadrangle. Southwest corner sec. 15, T. 53, R. 35. Top of 

Stanton limestone member of Lansing formation. 
Leavenworth quadrangle. Wagon road south of Iatan. Near base of Law- 

rence shale member of Douglas formation. 
Leavenworth quadrangle. Cut in sec. 19, T. 53, R. 35. Upper limestone of 

Stanton limestone member of Lansing formation. 
Same as 279. Leavenworth quadrangle. Lower limestone of Stanton lime- 

stone member of Lansing formation. 

280. Leavenworth quadrangle. N.E. 44 N.W. ¥ sec. 11, T. 51, R. 35. Plattsburg 

281. 

282. 

283. 

284. 

285. 

limestone member of Lansing formation. 
Leavenworth quadrangle. Southwest corner sec. 2, T. 53, R. 36, in quarry 

in Iatan limestone member of Douglas formation. 

Leavenworth quadrangle. N.E. 44 N.W. \ sec. 16, T. 52, R. 35. Near base 

of Lawrence shale member of Douglas formation. 

Leavenworth quadrangle. Near base of Lawrence shale member of Douglas 

formation near Leavenworth. ; 
Leavenworth quadrangle. Northeast corner sec. 13, T. 54, R. 36, 114 miles 

north of Iatan. Upper limestone of Oread limestone member of Douglas 

formation. 
Leavenworth quadrangle. East bank of Platte River, near river bridge in sec. 

34, T. 52, R. 35. From Broadhead’s No. 100. Middle of Lane shale member 

of Lansing formation, in the Farley limestone bed. 

G—24 
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5a. Leavenworth quadrangle. East bank of Platte River near river bridge in sec. 

23, T. 52, R. 35. From Broadhead’s 100. Middle of Lane shale member of 

Lansing formation in the Farley limestone bed. 

Leavenworth quadrangle. Clay pit at Kansas State Penitentiary, Lansing, 

Kansas. Lane shale member of Lansing formation above Farley limestone 

bed. c 
Leavenworth quadrangle. Coal mine at Kansas State Penitentiary, Lansing, 

Kansas. Cherokee shale, 85 feet * below top, near Bevier coal. 

Leavenworth quadrangle. Southeast corner sec. 12, T. 54, R. 36, 144 miles 

north of Iatan. Lecompton limestone member of Shawnee formation. 

Leavenworth quadrangle. N.W. 14 sec. 29, T. 54, R. 36. Missouri River 

bluffs 34 mile south of Iatan. Iatan limestone member of Douglas formation. 
Leavenworth quadrangle. Kansas State Penitentiary quarry, Lansing, Kansas. 

S.W. 14 N.E. \ sec. 19, T. 9 S., R. 23 E. Main ledge of upper limestone of 

Stanton limestone member of Lansing formation. 
Leavenworth quadrangle. Kansas State Penitentiary quarry, Lansing, Kan- 

sas. S.W. 14 N.E. 4 sec. 19, T..9 S., R. 23 E. Lower limestone of Stanton 

limestone member of Lansing formation. 
Leavenworth quadrangle. Hillside, northeast corner sec. 27, T. 8 S., R. 22 E. 

Lower limestone of Oread limestone member of Douglas. formation. 

Leavenworth quadrangle. Roadside on Government Hill, N.W. 4 sec. 22, 

T. 8S., R. 22 E. Middle of Oread limestone member of Douglas formation. 

Leavenworth quadrangle. Roadside on Government Hill in N.W. 4 sec. 22, 

8 S., R. 22 E. Lower Oread limestone member of Douglas formation. 
Leavenworth quadrangle, at Fort Bridge at Fort Leavenworth. Iatan limestone 

member of Douglas formation. 
Leavenworth quadrangle. Seven-mile Creek, 34 mile above mouth, Lansing, 

Kansas. S.W. 4 S.W. 14 sec. 18, T. 9 S., R. 23 E. Plattsburg limestone 

member of Lansing formation. 
Leavenworth quadrangle. Nine-mile Creek, near mouth. N.W. 4 N.W. 4 

sec. 20, T. 9 S., R. 23 E., Lansing, Kansas. Plattsburg limestone member 

of Lansing formation. 
Leavenworth quadrangle, pit of Leavenworth Vitrified Brick Co. N.W. 44 S.E. 

VY sec. 1, T. 9 S., R. 22 E. Weston shale member of Douglas formation. 

Leavenworth quadrangle. Bluff of Missouri River, just north of Weston, Mo. 

Lower part of Lawrence shale member of Douglas formation. 
Leavenworth quadrangle. Northwest corner of sec. 33, T. 54, R. 36. Missouri 

River bluffs, 2 miles south of Iatan. Lawrence shale member of Douglas 

formation, near base. 
Leavenworth quadrangle. Along bluff road, 14 to 44 mile north of Iatan. 

Lower part of Lawrence shale member of Douglas formation. 
Leavenworth quadrangle. At Fort Bridge, Fort Leavenworth, Kansas. Upper 

part of Weston shale member of Douglas formation, just below Iatan limestone 

member. 
Leavenworth quadrangle. Southwest corner sec. 24, T. 54, R. 35. Jatan lime- 

stone member of Douglas formation. 

Leavenworth quadrangle. Roadside on Government Hill, N. W. 14 sec. 22, 

T.8S., R. 22 E. Shale immediately below middle limestone of Oread lime- 

stone member of Douglas formation. ; 
Leavenworth quadrangle, N.E. 14 S.W. 14 sec. 24, T. 54, R. 35. Tatan limestone 

member of Douglas formation. 

Leavenworth quadrangle. Old brick shale pit, N.W. 14 N.E. 4 sec. 19, T. 

9 S., R. 23 E., Lansing, Kansas. Lower limestone of Stanton limestone 

member of Lansing formation. 
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306. Leavenworth quadrangle. Same as 279, Stanton limestone member of Lansing 

formation, in shale on lower side of lower ledge. 

307. Three miles southwest of Wellsville, Montgomery Co., Mo. Cherokee shale, 

Mulky cap rock. 
307a. Wellsville, Mo. 114 miles south of town. . Small quarry 14 mile southwest (?) 

of Whitehead mine. Mostly top of limestone and shaly beds next above, in 

Cherokee shale, above Mulky cap rock. 
307b. Wellsville, Mo., 1-114 miles south of town. Various small outcrops in vicinity 

of Whitehead mine. Shaly beds above main limestone, in Cherokee shale, 

above Mulky cap rock. 
308. Trenton, Mo. East of bridge at south side of town, on north bluff of river. 

Pawnee limestone member of Henrietta formation. 

309. Roadside, just south of Chariton River in S.E. 4 sec. 35, T. 53, R.17. Chero- 

kee shale, Bevier sump rock. 
310. Woodland Mill, Linn Co., Mo. Sec. 14, T. 57, R. 21. Labette shale member 

of Henrietta formation. 
310a. Sameas310. Southernmost limestone. Pawnee limestone member of Henrietta 

formation. 

413. Kansas City, Mo. West bluff. S.E. 4% sec. 7, T. 49, R. 33. Chanute shale 

member of Kansas City formation. 
414, Kansas City, Mo. Quarry near Brook St. and Benton Place. ‘‘Calico ledge” 

(Raytown limestone bed), in Chanute shale member of Kansas City formation. 

415. Kansas City, Mo. S.E. 4 sec. 6, T. 49, R. 33. West Bluff. Drum limestone 

member of Kansas City formation. 
416. Kansas City, Mo. N.E. 4 sec. 9, T. 49, R. 33, “Building ledge’ (Cement City 

limestone bed), in Chanute shale member of Kansas City formation. 

417. Kansas City, Mo., 12th St. and W. Bluff, sec. 6, T. 49, R. 33. ‘“‘Calico ledge” 

(Raytown limestone bed), in Chanute shale member of Kansas City forma- 

tion. 

418. Kansas City, Mo. From a nodule in the shale at the top of the Chanute shale 

member of the Kansas City formation. Quarry on West Bluff just above 

the Turkey Creek pumping station. 
419. Kansas City, Mo. S.W. 4 sec. 7, T. 49, R. 33. Top of Bethany Falls limestone 

member of Kansas City formation. 

420. Kansas City, Mo. Penn Valley Park. Broadhead’s limestone No. 100. 

Farley limestone bed, in Lane shale member of Lansing formation. 

421. Kansas City, Mo. N.W. \ sec. 7, T. 49, R. 33. Bottom of Iola limestone 

member of Kansas City formation. 

422. Kansas City, Mo. Corner Belleview & Kansas Boulevards, sec. 18, T. 49, R. 

33. Raytown limestone bed, in Chanute shale member of Kansas City for- 

mation. 
423. Kansas City, Mo. Kansas City Southern Ry., east of Zoo, in Swope Park. 

Broadhead’s limestone 74. Hertha limestone member of Kansas City for- 

mation. 
424. Kansas City, Mo. Sec. 18, T. 49, R.33, corner of Madison and 29th St. Cement 

City limestone bed, in Chanute shale member of Kansas City formation. 

425. Kansas City, Mo. N.W. 4 sec. 7, T. 49, R. 33. Chanute shale member of 

Kansas City formation, in Raytown limestone bed and overlying shale at 

top of Chanute member. 
426. Kansas City, Mo. S.E. 14 sec. 29, T. 49, R. 33. Broadhead’s 85a. Winterset 

limestone member of Kansas City formation. 
429. Kansas City, Mo., 6th and Bluff streets, odlite bed. Drum limestone member 

of Kansas City formation. 
429a. Same as 429. Kansas City formation, in heavy limestone above the odlite. 

Chanute shale member; may be Iola limestone member. 
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Chillicothe, Mo. Livingston Co. Pleasanton formation near base, probably 
above the unconformity. 

Vandalia, Mo. Limestone about 8-12 feet above the lowest coal. Cherokee 

shale, limestone over Mulky coal. 

Kansas City quadrangle. Corner Prospect Ave., and Swope Parkway, Kansas 

City, Mo. Cherryvale shale member of Kansas City fornfation, 12 feet above 

Winterset limestone member. 

Sperry Quarry at Bethany, Mo. Winterset limestone member of Kansas City 
formation. 

21% miles east of Gilman City, Mo. Winterset limestone member of Kansas 

City formation. 

Green City quadrangle. Sec. 32, T.65, R. 17. Pleasanton formation (above 
unconformity ?). 

Green City quadrangle. Sec. 19, T.64 N., R. 18 W. Pleasanton formation near 
base. (Near unconformity). 

Queen City quadrangle. In black shale at “‘slate ford,’’ S.W. 4 S.W. \% sec. 

22, T. 65, R. 16. Cherokee shale, Bevier coal horizon. 

Leavenworth quadrangle. On first hill east of Platte City, Mo. Base of Iatan 
limestone member of Douglas formation. 

Smithville quadrangle. Northwest corner sec. 7, T. 52, R. 31, 4 miles southeast 

of Platte City, Mo. Base of Iatan limestone member of Douglas forma- 
tion. 

Leavenworth-Smithville quadrangle. Northwest corner of sec. 7, T. 52, R. 31. 

Four miles southeast Platte City, Mo. Nodule in Weston shale member of 

Douglas formation. 

Green City quadrangle. Sec. 19, T. 64, R. 18. Pleasanton formation near 
base. 

Green City quadrangle. Sec. 19, T. 64, R. 18, Pleasanton formation near base. 

Green City quadrangle. Sec. 5, T. 64, R. 18. Pleasanton formation near 

base. 

Smithville quadrangle. Sec. 22, T. 53, R. 33. Just west of Smithville. From 

lowest layer of Raytown limestone bed in Chanute shale member of Kansas 
City formation. 

Smithville quadrangle. Sec. 28, T. 53, R. 33, about 14% miles southwest of: 

Smithville. Farley limestone bed, in Lane shale member of Lansing forma- 
tion. 

Smithville quadrangle. Where road crosses creek in N.E. 4 sec. 32, T. 54, R. 

33. Farley limestone bed, in Lane shale member of Lansing formation. 
Smithville quadrangle. N.E. 14 sec. 33, T. 54, R. 33. Plattsburg limestone 

member of Lansing formation. 

Cunningham stripping in Fort Scott coal cap rock, N.E. 4 N.W. 4% sec. 15, 

T. 46, R. 27. Lower Fort Scott limestone member of Henrietta formation. 

Green City quadrangle. Fort Scott limestone member of Henrietta formation 

and Cherokee shale above Lexington (Mystic) coal, N.E. 4S.E.% sec. 11, 

TeGo; Rol; 
Green City quadrangle. N.E. 144 S. E. sec. 11, T.65, R. 17. Fort Scott 

limestone member of Henrietta formation. 
Smithville quadrangle. Sec. 19, T. 54, R. 33. Farley limestone bed in Lane 

shale member of Lansing formation. 

Green City quadrangle. S.W. 14 N.W. \ sec. 32, T. 65, R. 17. Pleasanton for- 

mation (above unconformity?), from black slaty shale under Chariton con- 
glomerate. ' 

Green City quadrangle. N.E. 14 S.W. 4 sec. 31, T. 65, R.17. Pleasanton for- 
mation, near base (northern Missouri, above unconformity). 
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Green City quadrangle. N.W. 44 N.W. 4 sec. 5, T. 64, R. 17, at roadside. 

Fort Scott limestone member of Henrietta formation. 

Green City quadrangle. S.E. 14 N.W. 4 sec. 32, T.65, R.17. Fort Scott lime- 
stone member of Henrietta formation. 

Green City quadrangle. South bank of Spring Creek, S.E. 14 N.W. 4 sec. 31, 

T. 64, R. 17. Cherokee shale, Summit coal horizon. 

Green City quadrangle. East side of branch in S.E. 144 S.W. 14 sec. 27, T. 64, 

R. 18. Fort Scott limestone member of Henrietta formation. (Mystic coal 

cap rock). 

South part of Novinger, Mo. Cherokee shale, limestone below Summit coal 
horizon. 

Green City quadrangle. Branch on line S.W. 14| S.E. 14 sec. 34, T. 64, R. 18, 

on side of hollow. Pleasanton formation (near base). 

Green City quadrangle. West side of hollow S.E. 144 S. W.1% sec. 19, T. 64, R. 

18. Pleasanton formation (near base). 

Green City quadrangle. Limestone in Pleasanton formation (near base), 

about 20 feet above Pawnee limestone member of Henrietta formation. 

Green City quadrangle. S.E. 144 N.E. 14 sec. 28, T. 64, R. 18. Fort Scott 

limestone member of Henrietta formation. 

Green City quadrangle. N.E. 14 N.W. 4 sec. 22, T. 64, R. 18, west side North 

Spring Creek. Pleasanton formation, near base. : 

Smithville quadrangle. Road in N.E. 44 N.W. 4 sec. 20, T. 53, R.32. Bottom 

layer of Iola limestone member of Kansas City formation. 

Smithville quadrangle. Road in N.E.14N.E. 4 sec. 18, 7.53, R.32. Farley 

limestone bed, in Lane shale member of Lansing formation. 

Smithville quadrangle. In branch N.E. 14 N.E. 4 sec. 26, T. 53, R. 33. Lower 

layer of Iola limestone member of Kansas City formation. 

Smithville quadrangle. In branch N.E. 4 N.E. \ sec. 26, T. 53, R. 33. Iola 

limestone member of Kansas City formation, in second layer from bottom. 

Smithville quadrangle. South part of Smithville, S.-W. 144 S.W. ¥% sec. 23, T. 
53, R. 33. Plattsburg limestone member of Lansing formation. 

Smithville quadrangle. Bed of creek, S.E. 14 S.E. 4 sec. 22, T. 53, R. 33. 

Chanute shale member of Kansas City formation. 

Smithville quadrangle. S.W. 14 N.W. 4 sec. 8, T. 51, R. 32, at roadside. From 

Broadhead’s 107. Plattsburg limestone member of Lansing formation. 

Smithville quadrangle. S.E. 14 N.E. 4 sec. 8, T. 51, R. 32, Broadhead’s 96 

(“Calico ledge’’). Raytown limestone bed, in Chanute shale member of 

Kansas City formation. 

Smithville quadrangle. Bed of creek N.W. 4 sec. 36, T. 53, R. 33. Iola lime- 

stone member of Kansas City formation. 

Smithville quadrangle. Roadside S.E. 14 S.E. 4 sec. 12, T. 54, R. 33. Platts- 
burg limestone member of Lansing formation. 

Smithville quadrangle. Bank of Smith’s Fork, Platte River, near line between 

secs. 19 and 30, T. 54, R. 32. Farley limestone bed in Lane shale member 

of Lansing formation. 

Smithville quadrangle. N.E. 144 N.W. 4 sec. 4, T. 53, R. 32. Plattsburg 

limestone member of Lansing formation. 

Smithville quadrangle. River bank S.E. 4 S.E. 4 sec. 19, T. 54, R.32. Farley 

limestone bed, in Lane shale member of Lansing formation. 

Smithville quadrangle. Railroad cut on line z T. 53, R. 34. Vilas shale 

member of Lansing formation. 
Smithville quadrangle. Bed of creek S.E. 14 S.E. 4 sec. 10, T. 52, R. 34. 

Broadhead’s No. 115. Upper layer of Stanton limestone member of Lansing 

formation. . 
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691. Smithville quadrangle. Bed of creek, S.E. 44 S.E. 44 sec. 10, T. 52, R. 34 

Broadhead’s No. 115. Upper layer of Stanton limestone member of Lansing 

formation. 

692. Smithville quadrangle. Bed of creek, S.E. 144 S.E. 4 sec. 10, T. 52, R. 34 

Broadhead’s No. 115. Upper layer of Stanton limestone member of Lansing 

formation. . 

707. Woodland Mills, N.E. 14 sec. 14, T. 57, R. 21, 4 miles southwest of Laclede, 

Mo. Probably Henrietta formation. 

708. Round Mound, sec. 16, T. 33, R. 32, 34 mile northwest of Verdella, Barton Co., 

Mo. Rock over coal bed. Cherokee shale, about 80 feet from top. 

1254. Higginsville, Lafayette Co., Mo. Fort Scott limestone member (?) of Henrietta 

formation. 

1254B. 3 miles southeast of Higginsville, Lafayette Co., Mo., on road in S.E. 4 N.W. 
V4 sec. 15, T. 49, R. 25, Fort Scott limestone member (?) of Henrietta for- 

mation. 

1255A2 Higginsville, Lafayette Co., Mo., Rocky Branch, 214 miles west of town. 

Cherokee shale, near Summit coal (?). 

1255A, Same as 1255As but just above it stratigraphically. Black shale graduating 
above into thin limestone. Cherokee shale, near Summit coal (?). 

1255B; Higginsville, Lafayette Co., Mo. Hard yellow concretionary limestone in branch 

at roadside in N. E. 14 S.W. 4 sec. 7, T. 49, R. 26. Pawnee limestone mem- 

ber of Henrietta formation. 

1256A; Higginsville, Lafayette Co., Mo. Soft limestone west side of road 4 miles south 
of Dover. Cherokee shale, probably near Macon City coal. 

1256B Higginsville, Lafayette Co., Mo. East side of road 4 miles south of Dover. 

Cherokee shale, in cap rock over Macon City coal. 

1256B, Higginsville, Lafayette Co., Mo., east side of road 4 miles south of Dover. Coal 
slates, Cherokee shale, in cap rock over Macon City coal. 

1260A, Odessa, Lafayette Co., Mo. Blackwater Creek, 714 miles south of Odessa. 
Black argillaceous shale, few fossils. Cherokee shale, near top, probably 

Summit coal horizon. 

1260A3 Same locality as 1260A;, but just above it stratigraphically. Light gray heavy 

limestone, 16 inches thick. Cherokee shale, near top, probably Summit 

coal horizon. 
1260A, Same as foregoing, but 20 feet above it stratigraphically. Cherokee shale, 

near top, probably Summit coal horizon. 

1263A; Clinton, Henry Co., Mo., at Jackson’s mill on Grand River. Cherokee shale, 

not far above base. 
1263A, Same locality as 1263A3 and just above it stratigraphically, Cherokee shale, 

not far above basé. 
1263B, Clinton, Henry Co., Mo. Gilkerson Ford Bridge on Grand River, south of 

Clinton. Four feet of irregularly bedded sandstone, and limestone nodules. 

Cherokee shale, not far above base. 

1263C; Clinton, Henry Co., Mo. old Jordan coal bank, center sec. 25, T. 41, R. 26. 

Yellow sandy shale 40 feet above top of Boone as seen in shaft. Cherokee 

_ shale, not far above base. 

1263C; Same as 1263C,, but 3 feet higher in the section. Cherokee shale, not far above 

base. 

1263C;+ Same locality. Cherokee shale, not far above base. 
1263C, Same locality as 1263C;, but 3 feet higher in the section. 3 feet blue gray 

shales. Cherokee shale, not far above base. 

1266A, Lexington, Lafayette Co., Mo. River bluff below water-works. 30 feet gray 

limestone, upper part shaly, Henrietta formation. 

1266A2 Same locality. Ten feet higher in section, in 6 feet heavy gray limestone, 

Henrietta formation. 
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1268A2 Garland, Henry Co., Mo. On Honey Creek in S.W. 14.S.W. 4 sec. 36, T. 43, 

R. 27. 2 feet limestone, many fossils. Cherokee shale, 100 feet + below top. 

Here are also included some unlabeled or partially labeled fossils showing the 

same fauna. 
' 1268B, Garland, Henry Co., Mo. On Honey Creek at mouth of Cottonwood Creek, in 

N.E. 4 S.W. 4 sec. 36, T. 48, R. 27. 1 foot iron bed, full of fossils, Cherokee 

shale, 100 feet+ below top. 

1268C, Garland, Henry Co., Mo. On Honey Creek above Buck Ford and above 

mouth of Cottonwood Creek in S.W. 14 N.E. 4 sec. 36, T. 48, R. 27. Two 

feet shaly limestone with fossils, Cherokee shale, 100 feet below top. 

1268D2 Garland, Henry Co., Mo. Gray farm in S.E. 14 N.W. 4 sec. 29, T. 43, R. 

27. 1 foot shaly limestone with fossils, Cherokee shale near top. 

1269A; Calhoun, Henry Co., Mo. Railroad cut at station in N.W. 14 N.E. 4 sec. 36, 

T. 43, R. 25. Six inches of iron ore with fossils, Cherokee shale 100 feet 

below top. 
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Batostomella greeniana (p. 326). 

Figs. 1 and la. Two tangential sections from the same specimen, x 20. These show 
the circular zooecia and the numerous and crowded acanthopores. There 

are two kinds of acanthopores but they are not very conspicuous in the 

sections and somewhat less distinct in the illustrations. The acanthopores 

are in one section so crowded that they are flattened and deformed. 
1band 1c. A transverse and a longitudinal section from the same specimen as the 

Fig. 2. 

foregoing, x 20. These show the punctate character of the wall contiguous 

to the zooecial tubes. These punctae are represented as smaller and more 

numerous than in the specimen itself. A row of them is sometimes seen down 

each side of a zooecium, as in fig. lb, top. One or two diaphragms, or what 
appear to be such are also shown. 

Topeka limestone, big quarry below Curzon (Station 180). 

Liopora subnodosa (p. 341). 

A colony nearly covering the dorsal valve of a specimen of Composita sublilita, 

x2. This figure shows the zooecial apertures and the low monticules on which 

no zooecia are found. The small mesopores that occur between the zooecia 

and occupy the monticules entirely are too small to appear in this magnifi- 

cation. 
Part of the surface, x 8. This shows the zooecia and the rows of mesopores. 

surrounding them, and also two monticules composed entirely of mesopores. 

Both zooecia and mesopores are open at the surface. Many of the zooecia 

have a spine-like projection from one side which gives them a lunate shape. 

This is shown in a number of the apertures in this figure. 

Fort Scott limestone, at bridge east of Youngstown, Mo. (Station 249). 

— 
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PLATE XXVIII. 

Liopora subnodosa (p. 341). 

A tangential section from the same specimen shown on plate 1, figs. 2 and 

2a, x 20. The tangential section shows the subcircular zooecia separated 

by one, two, or more rows of more or less angular mesopores. A few of the 
zooecia have the peculiar projecting angle of the wall that gives these colonies 

a superficial resemblance to a very fine Fistulipora. 

A longitudinal section from the same specimen as the foregoing and the same 

shown on plate 1, figs. 2and 2a,x 20. This shows the zooecia and mesopores, 

entirely without diaphragms, and the slightly thickened or moniliform walls. 

Fort Scott limestone, at bridge east of Youngstown, Mo. (Station 249). 

Tangential section from another specimen, x 20. In this section the projecting 

angles that indent the zooecial tubes are more numerous and more distinct 

than in fig. 1. A slight difference in thickness of the walls is also shown. 

Longitudinal section from the same specimen, x 20. This section shows very 

clearly the moniliform character of the walls and the zooecia and mesopores - 

both devoid of diaphragms. , 

Upper Oread limestone, in quarry in northwest corner sec. 27, T. 8S., R. 22 E. 

(Station 273). 

Conocardium missouriensts (p. 353). 

Left valve, x 4. 

Same in outline, natural size. 

Right valve, x 4. 

Cardinal view, in outline. 

Drum limestone, Kansas City, Mo. (Station 429). 

Astartella compacta (p. 354). 

A right valve, x 2. 

Same in outline, natural size. 

Cherokee shale, Garland, Henry Co., Mo. (Station 1268 A). 

A somewhat more elongated left valve, x 2. 
Same in outline, natural size. 

Cherokee shale, Garland, Henry Co., Mo. (Station 1268 A x). 
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PLATE XXIX. 

Fistulipora sonata (p. 322). 

A thin section cutting the zooecia lengthwise, x 5. This figure shows the 

zooecia and thin diaphragms together with the intervening cysts in one or more 

rows. The banded appearance is also shown, due to the occurrence of shallow 

cysts along certain well defined zones. 

Tangential section from another specimen, x 15. The figure shows the 

zooecia with weakly developed lunarium, separated by one or more rows of 

subangular cysts. The structure in the lower left hand corner is hard to in- 

terpret. The central opening resembles the zooecia round about but the con- 

centrically arranged cystose plates surrounding it are something beyond the 

range of my experience. 
Upper Oread limestone in quarry, northwest corner of sec. 27, T. 8S, R. 22 E- 

(Station 273). 

Naticopsis scintilla (p. 358). 

Side view, opposite the aperture, x 4. 

Same in outline, natural size. 

Side view (apertural) x 4. 

Outline of same, seen from above, x 4. 

Drum limestone, Kansas City, Mo. (Station 429). 

Bulimorpha minuta (p. 362.) 

Side view of an average specimen, x 3. 

Same in outline, natural size. 

Opposite side, x 3. 
Cherokee shale, Garland, Henry Co., Mo. (Station 1268 A-2). 

ee a 
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PLATE XXX. 

Ambocoelia lobata (p. 351). 

Dorsal view of the typical and only specimen, x 2. 

Same in outline, natural size. 

Side view, x 2. 

Ventral view, x 2. 

Same in outline, natural size. 

Lecompton limestone, north central part of sec. 11, T. 59, R. 37 (Station 183). 

Marginifera muricata var. missouriensis (p. 350). 

A characteristic ventral valve. 

Same, x 2. 

Side view in outline. 

A ventral valve showing the not uncommon character in this species, of a fold 

or projection at the anterior margin. 

Same, x 2. 

Side view in outline. 

Mold of a convex dorsal valve. 

Side view, in outline. 

Mold of a shallow dorsal valve. 

Side view in outline. 

Cherokee shale, Clinton, Henry Co., Mo. (Station 1263 C3-+). 

Murchisonia missouriensis (p. 355). 

Side view showing the aperture, which is, however, broken, x 2. 

Same in outline, natural size. 

Cherokee shale, Garland, Henry Co., Mo. (Station 1268 A-2.) 

Goniospira lasallensis (p. 356). 

A specimen seen somewhat obliquely on the base showing the solid columella 

and apparent absence of an inner lip, x 2. 

Side view of the lower volutions of a specimen showing the growth lines which 

indicate the position of the slit band on the carina. 
Oblique view of the basal portion showing the pair of revolving ridges which 

look like a slit band, but are not, and a deposit which seems to be an inner 

lip), x 2: 

Lawrence shale, near Iatan, Mo. (Station 300). 

Tabulipora vera (p. 340). 

Figs, 9, 9a. Two tangential sections from the same specimen, x 20. They show the 
rather numerous young cells, the walls, for the most part much thickened, 
but in places thin, and the absence of acanthopores. The dark median 

line of the walls is in places continuous, and in places made up of a series 
of granules. This is not well shown in figures of this magnification. 

Bethany Falls limestone, quarry near Milan, Mo. (Station 250). 
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PLATE XXXI. 

Leda arata (p. 351). 

Left valve of a characteristic specimen. 

Right valve. 

Cardinal view, x 2, showing ligamental groove. 
Right valve of a specimen resembling the original of fig. 3. 

Cardinal view, x 2. 

Right valve of a specimen having an unusual shape. 

Right valve of a young specimen. 

Right valve of a characteristic specimen. 
Cardinal view in outline. 

Right valve of another specimen. 

Cardinal view, x 2. 

Right valve of a small specimen. 

Left valve of same. 
Fragment of a right valve showing the chondrophore and, somewhat broken 

and worn, part of the dentition, x 4. : 

Lawrence shale, two miles south of Iatan, Mo. (Station 299). 
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PLATE XXXII. 

Pleurotomaria persimplex (p. 355). 

The type specimen, seen from above, x 3. 

Same in outline, natural size. 

Lower side, x 3. 

Side view opposite the aperture, x 3. 

Same in outline, natural size. 

Upper side of another specimen, x 3. 

Lower side. This specimen shows part of the natural outline of the aperture 

which has an angular deflection and then extends obliquely forward and 

upward. The umbilicus is very small. 
Cherokee shale, Garland, Henry Co., Mo. (Station 1268A-2). 

Naticella americana (p. 359). 

Side view of a typical specimen, x 3. 

Opposite side, x 3. 

Seen from above, x 3. 

Same in outline, natural size. 

Cherokee shale, Garland, Henry Co., Mo. (Station 1268A-2.) 

Zygopleura teres (p. 360). 

Side view of the typical specimen, x 5. 

Opposite side, x 5. 
Drum limestone, Kansas City, Mo. (Station 429). 

Zygopleura nana (p. 360). 

Side view, x 5. 

Opposite side, x 5. 
Drum limestone, Kansas City, Mo. (Station 429). 

Zygopleura affints (p. 359). 

Side view of a rather small individual, x 3. 

Same, natural size. 

Opposite side, x 3. 
Cherokee shale, Garland, Henry Co., Mo. (Station 1268A-2.). 

Hemizyga elegans (p. 362). 

Apertural view of the type specimen, x 3. 

Same in outline, natural size. 

Opposite side, x 3. 

Cherokee shale, Garland, Henry Co., Mo. (Station 1268A-2.). 

Hemizyga grandicostala (p. 362). 

Side view, x 3. 

Same in outline, natural size. 

Another side, x 3. 

Cherokee shale, Garland, Henry Co., Mo. (Station 1268A-2.). 

Hemizyga dubia (p. 361). 

Apertural view, x 3. 

Same in outline, natural size. 

Opposite side, x 3. 
Cherokee shale, Garland, Henry Co., Mo. (Station 1268.-2.). 

Zygopleura nodosa (p. 360). 

An imperfect specimen showing the true outline of the aperture, in part. 
Apertural view of the type specimen. This specimen is imperfect below, and 

has been restored. 
Opposite side. In this view also restoration has been made in the lower part. 

Calhoun shale, S.W. 14 S.W. 14 sec. 9, T. 59, R. 37. (Station 206). 
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CHAPTER IX. 

BIBLIOGRAPHY. 

The following bibliography comprises by far the greater 

number of publications dealing directly with the Pennsylvanian 

area of Missouri and includes all, so far as known, which have 

a bearing on the coal deposits of the State. Short bibliographies 

are given under each county in the companion volume of this 

report’ where most of the information concerning coal statistics 

and coal analyses has been tabulated. 

BIBLIOGRAPHY-OF THE PENNSYLVANIAN ROCKS IN MISSOURI WITH 
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1871, pp. 111-188, map, plates, 1873. 

Meinzer, O. E., see Norton, Hendrixon, Simpson, Meinzer and others. 

Miller, S. A., and Gurley, Wm. F. E. 

247. Description of some new genera and species of Echinodermata from the coal 

measures and sub-Carboniferous rocks of Indiana, Missouri, and Iowa.—Ind. 

Dept. Geol. and Nat. Hist., 16th Rept., pp. 327-378, 1889. 
Describes fossils from Pennsylvanian of Missouri. 

248. Description of some new genera and species of Echinodermata from the coal 

measures and sub-Carboniferous rocks of Indiana, Missouri, and Iowa.—Cin. 

Soc. Nat. Hist., Jour. vol. 13, pp. 3-25, pls. 1-4, 1890-91. 

Describes fossils from Pennsylvanian of Missouri. 
Miller, S. A., and Faber, C. 

249. Description of some sub-Carboniferous and Carboniferous Cephalopoda,— 

Cin. Soc. Nat. Hist., Jour., vol. 15, pp. 164-168, 1892. 

Describes fossils from Pennsylvanian at Kansas City, 
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Miller, S. A. 

250. Paleontology.—Ind. Dept. Geol. and Nat. Hist., 17th Ann. Rept., pp. 611- 
705, pls. 1-20, 1892. 

Describes fossils from Pennsylvanian of Missouri. 

Miller, S. A., and Gurley, Wm. F. E. 

251. New and interesting species of Paleozoic fossils.—IIIl. State Mus. Nat. Hist., 

Bull. no. 7, 89 pp. pls. 1-5, 1895. 

Describes fossils from Pennsylvanian of Missouri. 

252. New species of crinoids, cephalopods, and other Paleozoic fossils.—Ill. State 

Mus. Nat. Hist., Bull. no. 12, 69 pp., 5 pls., 1897. 

Describes fossils from Pennsylvanian of Missouri. 

Mining and Mineral items (Eng. and Min. Jour.) 

253. Coal in Missouri.—vol. 1, p. 54. 

254. Coal in Missouri—vol. 2, pp. 257, 280, 343. 

255. Coal measures of the southwest.—vol. 8, p. 405. 

256. Coal mine near Knob Noster, vol. 26, p. 9, 1878. 

257. Rich Hill Coal Company.—vol. 40, p. 27. 

258. Coal in Lafayette and in Vernon counties, vol. 43, p. 245, 1887. 

259. Higginsville coal for coke.—vol. 44, p. 63, 1887. 

260. Coal at Butler, Bates County.—vol. 44, p. 246, 1887. 

261. Coal at Urich, Henry County, vol. 44, p. 402, 1888. 

262. Coal at Stanberry, Gentry County.—vol. 49, p. 622, 1891. 

Minor, Jesse, see Babcock and Minor. 

Moldenke, Richard. 

263. Cupola tests on coke made from Missouri coal.—U. S. Geol. Survey, Bull. 332, 

p. 168, 1908. 
264. Cupola tests on coke from Missouri coal.—U. S. Geol. Survey, Bull. 336, pp. 

66, 69, 70, 72, 74, 1908. 
Nason, F. L. 

265. Iron ores of Missouri.—Missouri Geol. Survey, vol. 2, pp. 1-365, 1892. 

Nickles, J. M., and Bassler, R.’S. 

266. Synopsis of American fossil Bryozoa, including bibliography and synonymy.— 

U. S. Geol. Survey, Bull. 173, 663 pp., 1900. 
Nickles, J. M. 

267. Bibliography of North American geology for 1908, with subject index.—U. S. 
Geol. Survey, Bull. 409, 148 pp., 1909. 

268. Bibliography of North American geology for 1909, with subject index.—U. S. 
Geol. Survey, Bull. 444, 174 pp., 1910. F 

269. Bibliography of North American geology for 1910, with subject index.—U. S. 
Geol. Survey, Bull. 495, 179 pp., 1911. 

Nickles, J. M., see Weeks and Nickles. 

Norton, W. H., Hendrixon, W. S., Simpson, H. E., Meinzer, O. E., and others. 

270. Underground water resources of Iowa.—U. S. Geol. Survey, Water-Supply 

Paper 293, 994 pp., 1912. Also published in Iowa Geol. Survey, vol. 21, 

1912. 
Contains matter pertaining to the geology of the northern border of 

Missouri. 

Norwood, C. J. 

271. List of fossils from coal measures of Missouri, collected in 1877.—Missouri Geol. 
Survey, Report, 1872, pt. 2, pp. 416-421, 1873. 

272. Putnam and Schuyler counties——Geol. Survey Missouri, Rept., 1873-74, vol. 

1, pp. 272-302, 1874. 
273. Coal measures (Jasper County).—Geol. Survey Missouri, Rept., 1873-74, vol. 

1, pp. 92-96, 1874. 
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274. Coal measures (Howard County).—Geol. Survey Missouri, Rept., 1873-74, 

vol. 1, pp. 201-221, 1874. 

275. Coal measures (Vernon County).—Geol. Survey Missouri, Rept., 1873-74, 

vol. 1, pp. 139-154, 1874. 
Norwood, J. G., and Pratten, H. 

276. Notice of the Producti found in the western states and territories, with descrip- 
tions of twelve new species.—Acad. Nat. Sci. Phil., Jour. (2), vol. 3, pp. 5-22, 

pls. 1-2, 1855. 
Describes species from Pennsylvanian of Missouri. 

277. Notice of the genus Chonetes as found in the western states and territories, 
with descriptions of eleven new species.—Acad. Nat. Sci. Phil., Jour. (2), 

vol. 3, pp. 23-32, pl. 2, 1855. 

Describes species from Pennsylvanian of Missouri. 

Owen, David Dale. 

278. Report of a geological survey of Wisconsin, Iowa, and Minnesota, and, incident- 

ally, of a portion of Nebraska Territory, xxxviii, 638 pp., geological maps, 

plates, 1852. 
Gives sections along Missouri River, and defines coal field boundary, page 99. 

279. Catalogue of geological specimens collected by D. D. Owen.—Smithsonian 

Report for 1854, pp. 393-396, 1855. 

Parker, E. W. 

280. Coal production in Missouri in 1889-1890.—Min. Res. U. S. for 1889 and 1890, 
U. S. Geol. Survey, pp. 147, 170, 226-228, 1892. 

281. Coal production in Missouri in-1891.—Min. Res. U. S. for 1891, U. S. Geol. 
Survey, pp. 180 et seq., 261-268, 1893. 

282. Coal production in Missouri in 1892—Min. Res. U. S. for 1892, U. S. Geol. 
Survey, pp. 267 et seq., 423-424, 1893. 

283. Coal production in Missouri in 1893.—Min. Res. U. S. for 1893, U. S. Geol. 
Survey, pp. 190 et seq., 312-320, 1894. 

284. Coal production in Missouri in 1894.—U. S. Geol. Survey, 16th Ann. Rept., 
pt. 3, pp. 7 et seq., 139-144, 1895. j 

285. Coal production in Missouri in 1895.—U. S. Geol. Survey, 17th Ann. Rept., pt. 3, 
pp. 287 et seq., 449-454, 1896. 

286. Coal production in Missouri in 1896.—U. S. Geol. Survey, 18th Ann. Rept., 
pt. 5, pp. 354 et seq., 545-551, 1897. 

287. Coal production in Missouri in 1897.—U. S. Geol. Survey, 19th Ann. Rept., 
pt. 6, pp. 278 et seq., 449-456, 1898. 

288. Coal production in Missouri in 1898.—U. S. Geol. Survey, 20th Ann. Rept., 

pt. 6, pp. 300 et seq., 436-440, 1899. 

289. Coal production in Missouri in 1899.—U. S. Geol. Survey, 21st Ann. Rept., 
pt. 6, pp. 325 et seq., 464-468, 1901. 

290. Coal production in Missouri in 1900.—Min. Res. U. S. for 1900., U. S. Geol. 

Survey, pp. 276 et seq., 402-405, 1901. 

291. Coal production in Missouri in 1901.—Min. Res. U. S. for 1901, U. S. Geol. 
Survey, pp. 287 et seq., 398-403, 1902. 

292. Coal production in Missouri in 1902.—Min. Res. U. S. for 1902, U. S. Geol. 
Survey, pp. 293 et seq., 392-395, 1903. 

293. Coal production in Missouri in 1903.—Min. Res. U. S. for 1903, U. S. Geol. 
Survey, pp. 353 et seq., 480-484, 1904. 

294. Coal production in Missouri in 1904.—Min. Res. U. S. for 1904, U. S. Geol. 
Survey, pp. 385 et seq., 507-512, 1905. 

295. Coal production in Missouri in 1905.—Min. Res. U. S. for 1905, U. S. Geol. 
Survey, pp. 459 et seq., 625-630, 1906. 

296. Coal production in Missouri in 1906.—Min. Res., U. S. for 1906, U. S. Geol. 

Survey, pp. 571 et seq., 692-695, 1907. 
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297. Coal production in Missouri in 1907.—Min. Res., U. S. for 1907, U. S. Geol. 

Survey, pp. 13 et seq., 145-149, 1908. 

298. Coal production in Missouri in 1908.—Min. Res., U. S. for 1908, U. S. Geol. 

Survey, pp. 15 et seq., 134-138, 1909. 

299. Coal production in Missouri in 1909.—Min. Res. U. S. for 1909, U. S. Geol. 
Survey, pp. 14 et seq., 135-138, 1911. 

300. Coal production in Missouri in 1910.—Min. Res. U. S. for 1910, U. S. Geol. Sur- 
vey, pp. 13 et seq., 151-154, 1911. 

301. Coal production in Missouri in 1911.—Min. Res. U. S. for 1911, U. S. Geol. 
Survey, pp. 14 et seq., 149-152, 1912. 

302. Coal production in Missouri in 1912.—Min. Res. U. S. for 1912, U. S. Geol. 
Survey, pp. 10 et seq., 144-147, 1913. 

Parker, E. W., and Burrows, J. S. 

303. Field work on Missouri coal samples collected for the fuel testing plant at St. 

; Louis.—U. S. Geol. Survey Bull. 332, pp. 167, 169, 170, 172, 1908. 

Phillips, J. Van C., 

304. Geology of the west.—Kansas City Review, vol. 1, pp. 488-491, 1877-78. 
Potter, W. B. 

305. Geology of Lincoln County (Missouri).—Geol. Suryey Missouri Report, 1872, 
pt. 2, pp. 217-289, 1873. 

Pratt, Jeoe, 

306. Briquetting tests of Missouri coal. —U. S. Geol. Survey, Bull. 261, pp. 147, 
160, 168, 1905. : 

307. Briquetting tests of Missouri coal.—U. S. Geol. Survey, Prof. ee 48, pt. 
3, p- 1445, 1906. 

Pratten, H., see Norwood and Pratten. 

Prime, Frederick, Jr. 

308. Missouri coal field—The coal of the United States, U. S. Census Report for 
1880, vol. 15, pp. 603-607. 

One paragraph devoted to Missouri. 

Randall, D. T. 

309. Tests of coal and briquets as fuel for house-heating boilers.—U. S. Geol. Survey, 
Bull. 366, 44 pp., 3 pls., 1908. 

Ries, Heinrich. 

310. The clay working industry in 1896.—U. S. Geol. Survey, 18th Ann. Rept., 
pt. 5 (cont.), pp. 1105-1168, 1897. 

Rogers, A. F. 

311. New bryozoans from the coal measures of Kansas and Missouri—Kans. Univ. 
Quart., vol. 9, pp. 1-12, pls. 1-4; 1900. 

312. Occurrence of the bryozoan genus Rhabdomeson in America.—Kans. Univ. 
Quart., vol. 9, pp. 173-174, figs. 1-3, 1900. 

313. Some new species of Cyclus from the coal measures—Kans. Univ. Sci. Bull., 
vol. 1, pp. 42-48, 1 pl., 1902. 

Describes species from Pennsylvanian of Missouri. 
Rogers, A. F., see Beede and Rogers. 

Rogers, H. D. 

314. Iowa and Missouri coal fields——Geology of Pennsylvanian, Final Rept., vol. 
2, pp. 964-967, 1858. 

Rowley, R. R, 

315. The Keokuk limestone and the coal measures of Pike Co., Mo.—Kansas City 
Scientist, vol. 5, pp. 26-27, 1891. 

316. The geology of Pike County (Missouri).—Missouri Bur. Geology and Mines, 
yol. 7, 2d ser., 122 pp., 20 pls., 13 figs. (1908). - 
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St. John, O., and Worthen, A. H. 

317. Description of fossil fishes * * * from the Carboniferous formations of the United 
States.—Illinois Geol. Survey, vol. 7, pp. 52-264, pls. 1-26, 1883. 

Sampson, F. A. 

318. A bibliography of the geology of Missouri—Geol. Survey Missouri, Bull. 2, 
158 pp., xviii, 1890. 

Schuchert, Charles. 

319. A synopsis of American fossil Brachiopoda, including bibliography and synon- 
ymy.—U. S. Geol. Survey, Bull. 87, 464 pp., 1 pl., 1897. 

Scudder, S. H. : 

320. Older fossil insects west of the MississippiBoston Soc. Nat. Hist., Proc., vol. 
" 22, p. 58, 1882-87. 

This contains a notice of a hemipterous insect from Kansas City. 

321. A classified and annotated bibliography of fossil insects—U. S. Geol. Survey, 

Bull. 69, 101 pp., 1890. 

322. Index to the known fossil insects of the world, including myriopods and arach- 
nids.—U. S. Geol. Survey, Bull. 71, 744 pp., 1891. 

323. Revision of the American fossil cockroaches, with descriptions of new forms.— 
U. S. Geol. Survey, Bull. 124, 176 pp., 12 pls., 1895. 

Describes five species from Pennsylvanian of Missouri. 

Schrader, F. C., and Haworth, E. 

324. Economic geology of the Independence quadrangle, Kansas.—U. S. Geol. Sur- 
vey, Bull. 296, 74 pp., 6 pls., 1906. 

Contains geologic map of southwest Missouri. 

Schrader, F. C. 

325. Description of the Independence quadrangle, Kansas.—U. S. Geol. Survey, Geol. 
Atlas U.S., folio 159, 7 pp., 2 figs., 3 maps, and section sheet, 1908. 

Schweitzer, Paul, see Marx and Schweitzer. 

Sellards, E. H. 

326. Fossil plants of the Upper Paleozoic of Kansas.—Kansas Univ. Geol. Survey, 
vol. 9, pp. 386-480, pls. 44-69, 1908. 

Shepard, E. M. 

327. A report on Greene County (Missouri).—Missouri Geol. Survey, vol. 12, pt. 
1, pp. 15-245, 5 pls., 1 fig., and geologic map, 1898. 

328. Wells of Missouri (in Contributions to hydrology of eastern United States, 

1903, Myron L. Fuller, Geologist in charge).—U. S. Geol. Survey, Water Supply 
Paper 102, pp. 389-440, 1904. 

329. Table of geological formations.—Drury Coll., Bradley Field Geol. Sta. Bull., 
vol. 1, pp. 41-42, 1904. ; 

330. Key to the rocks and geological horizons of Greene County (Missouri)—Drury 
Coll., Bradley Geol. Field Sta., Bull., vol. 1, pp. 53-57, 1904. 

331. Wells of Missouri—U. S. Geol. Survey, Water Supply Paper 114, pp. 209-219, 
1905. 

Discusses briefly the coal measures of Missouri. 

332. Underground waters of Missouri, their geology and utilization—U. S. Geol. 

Survey, Water Supply Paper 195, 224 pp., 6 pls., 6 figs., 1907. 

General discussion of Pennsylvanian of Missouri. 
Shumard, B. F. 

333. St. Louis County.—Geol. Survey Missouri, Ist and 2d Ann. Repts., pp. 169- 
184, map, 1855. 

334. Paleontology—Geol. Survey Missouri, 1st and 2d Ann. Repts., pp. 185-208, 
pls. 1-3, 1855. 

Describes Pennsylvanian species from Missouri, 
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Shumard, B. F., and Swallow, G. C. 

335. Descriptions of the new fossils from the coal measures of Missouri and Kansas.— 
St. Louis Acad. Sci., Trans., vol. 1, pp. 198-229, 1858. 

Describes species from Pennsylvanian of Missouri. 
Shumard, B. F. 

336. (On oil springs in Missouri).—St. Louis Acad. Sci., Trans., vol. 2, pp. 263-264, 

(14 p.), 1868. 
Mentions oil springs in Ray and Carroll counties. 

337. Ozark, Douglas, Wright, Laclede, Pulaski, Phelps, Crawford, Cape Girardeau, 

Perry, Ste. Genevieve, Jefferson and Clark counties——Geol. Survey, Mis- 
souri, Repts., 1855-71, pp. 189-323, map, plates, 1873. 

Siebenthal, C. E., see Smith and Siebenthal. 

Simpson, H. E., see Norton, Hendrixon, Simpson, Meinzer and others. 

Smith, A. F., see Ball and Smith. 

Smith, G. L. 

338. The Carboniferous section of southwestern Iowa.—Iowa Geol. Survey, vol. 19, 

pp. 605-657, 1909. 
Gives sections and correlations of Missouri formations. 

Smith, J. P. 

339. The Carboniferous ammonoids of America.—U. S. Geol. Survey, Mon. 42, 211 

pp., 29 pls., 1903. 

Smith, W. S. Tangier, and Siebenthal, C. E. 

340. Description of the Joplin district (Missouri-Kansas).—U. S. Geol. Survey, Geol. 

Atlas U. S., folio 148, 20 pp., 13 figs., 3 maps, mine map and illustration sheets, 
1907. 

Stammler, F. W. 

341. Coking tests of Missouri coal—U. S. Geol. Survey, Bull. 261, pp. 126, 130, 1905. 

342. Coking tests of Missouri coal——U. S. Geol. Survey, Prof. Paper 48, pt. 3, pp. 

1351-1353, 1906. 
Swallow, G. C. 

343. Second Report, Geology of Missouri.—Geol. Survey Missouri, lst and 2d Ann. 

Repts., pp. 59-170, plates, 1855. 

Gives a section of upper, middle and lower coal measures. 

344. Scientific geology of Cooper County.—Geol. Survey Missouri, Ist and 2d Ann. 

Repts., pp. 186-203, map, 1855. 

345. Scientific geology of Marion County.—Geol. Survey Missouri, Ist and 2d Ann. 

Repts., pp. 171-185, 1855. 
346. Geology of the southwest.—Geol. Survey Missouri, Ist and 2d Ann. Repts., pp. 

204-207, plate, 1855. 

Discusses briefly lower coal measures. 

347. Explanations of the geological map of Missouri, and a section of its rocks.— 
Am. Assoc. Adv. Sci., Proc., vol. 2, pt. 2, pp. 1-21, 1857. 

Discusses area and fossils of coal measures. 
348. Geological report of the line of the southwestern branch of the Pacific Railroad 

in Missouri, 93 pp., map, St. Louis, 1859. ; 

349. Descriptions of new fossils from the Carboniferous and Devonian of Missouri.— 

St. Louis Acad. Sci., Trans., vol. 1, pp. 635-660, 1860. 
Describes species from the Pennsylvanian of Missouri. 

350. (Fifth) Report of Progress, Geological Survey. By G. C. Swallow. (Dec. 30, 

1860. For 1859-60). Appendix to the Journals, 1st Session, Twenty-first 

General Assembly, 1860. Jefferson City, pp. 521-533, 1861. 
Brief discussion of the coal deposits of the State. 

351. Description of some new fossils from the Carboniferous and Devonian of Mis- 
souri.—St. Louis Acad. Sci., Trans. vol. 2, pp. 81-100, 1863. 

Describes species from Pennsylvanian of Missouri. 
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352. Some new varieties of Spirifer lineatus, Martin; Spirifer cameratus, Martin; 

Spirifer Kentuckensis, Shumard; Spirifer Leidyi, Norwood and Pratten; 

Spirifer increbescens, Hall, and Spirifer Keokuk, Hall.—St. Louis Acad. Sci., 

Trans., vol. 2, pp. 408-410, 1866. 

353. Prel. Rept. Geol. Survey of Kansas, 199 pp., 1866. 

Includes sections of rocks in eastern Kansas and incidental references to 

adjoining regions in Missouri. 

354. Geological report of the country along the line of the Southwest Pacific Railroad, 

Missouri, 153 pp., map, New York, 1867. 

355. Remarks on the geological map of Missouri—Am. Assoc. Ady. Sci., Proc., 

vol. 20, pp. 262, 1871. 

Says map shows 27,000 sq. mi. of coal measures, containing at least 20 
coal beds, one at least of the block-coal. 

356. Geological sketch of the State of Missouri, illustrated by maps, 10 pp. 

Large 4°, St. Louis, 1873. 

Swallow, G. C., see Shumard and Swallow, 

Taylor, R. C. 

357. (Coal in Missouri).—Statistics of coal. The geographical and geological distri- 

bution of mineral combustibles or fossil coal, etc., Phil., pp. 169-171, 1848, 
2d edition, pp. 484-487, 1855. 

Tilton, J. L. 

358. The proper use of the geological name, ‘‘Bethany’’.—lIowa Acad. Sci. Proc., vol. 

20, pp. 207-211, 1914. 
Ulrich, E. O. 

359. American Palaeozoic Bryozoa.—Cin. Soc. Nat. Hist. Jour., vol. 7, pp. 24-51, 

pls. 1-8, 1884. 

Ulrich, E. O., and Bassler, R. S. ° 

360. New American Paleozoic Ostracoda. Notes and descriptions of upper Car- 

boniferous genera and species.—U. S. Nat. Mus., Proc., vol. 30, pp. 149-164, 

pl. 11, 1906. 
Van Horn, F. B. 

361. The geology of Moniteau County (Missouri) —Missouri Bur. Geology and Mines, 
2d ser., vol. 3, pp. 10-104, 13 pls., 25 figs., 1905. 

Vodges, A. W. 

362. A bibliography of Paleozoic Crustacea from 1698 to 1889, including a list of 

North American species and a systematic arrangement of genera.—U. S. Geol. 

Survey, Bull. 63, 166 pp., 1890. 

Weeks, F. B. 
363. Bibliography of North American geology, paleontology, petrology, and miner- 

alogy for the years 1892-1900, inclusive-—U. S. Geol. Survey, Bull. 188, 717 pp., 

1902. 
364. Index to North American geology, paleontology, petrology, and mineralogy for 

the years 1892-1900 inclusive-—U. S. Geol. Survey, Bull. 189, 337 pp., 1902. 

365. North American geologic formation names. Bibliography, synonymy, and’ 

distribution.—U. S. Geol. Survey, Bull. 191, 448 pp., 1902. 

366. Bibliography and index of North American geology for the years 1901-1905, 

inclusive.—U. S. Geol. Survey, Bull. 301, 770 pp., 1906. 
Weeks, F. B., and Nickles, J. M. 

367. Bibliography of North American geology for the years 1906 and 1907, with 

subject index.—U. S. Geol. Survey, Bull. 372, 317 pp., 1909. 

Weller, Stuart. 

368. A bibliographic index of North Ameridan Carboniferous invertebrates.—U. S. 

Geol. Survey, Bull. 153, 653 pp., 1898. 
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Wheeler, H. A. 

369. Clay deposits (Missouri).—Missouri Geol. Survey, vol. 11, 622 pp., 39 pls., 15 
figs., 1896. 

Gives sections of Pennsylvanian. 

370. The fire-clays of Missouri—Am. Inst. Min. Engrs., Trans., vol. 35, pp. 720-734, 

1905. 

White, C. A. 

371. Contributions to invertebrate paleontology, no. 8: Fossils from the Carbon- 

iferous rocks of the interior states. 12th Ann. Rept., U. S. Geol. and Geog. 
Survey for the year 1878, by F. V. Hayden, pp. 155-171, 4 pls., 1883. 

Describes fossils from upper coal measures at Kansas City and Pleasant Hill. 

White, David. { 

372. Flora of the outlying Carboniferous basins of southwestern Missouri.—U. S. 
Geol. Survey, Bull. 98, 139 pp. pls. 1-5, 1893. 

373. A new taeniopteroid fern and its allies—Geol. Soc. Am., Bull. vol. 4, pp. 119- 
132, 1893. 

374. Age of the lower coals of Henry County, Missouri—Geol. Soc. Am., Bull., vol. 
8, pp. 287-304, 1897. 

375. Omphaloploios, a new Lepidodendroid type.—Geol. Soc. Am., Bull., vol. 9, pp. 
329-342, pls. 20-23, 1898. 

376. Fossil flora of the lower coal measures of Missouri—U. S. Geol. Survey, Mon. 
37, 467 pp., 73 pls., 1899. 

White, David, see Adams, Girty and White. 

Wick, J. D. 

377. Washing tests of Missouri coal—U. S. Geol. Survey, Bull. 261, pp. 64, 65, 70, 
71, 1905. 

378. Washing tests of Missouri coal.—U. S. Geol. Survey, Prof. Paper 48, pt. 3, p. 

1471, 1906. 

Williams, Albert, Jr. 

379. Coal production in Missouri in 1882.—Min. Res. U. S. for 1882, U. S. Geol. Sur- 
vey, pp. 4 et seq., 60-61, 1883. 

Williams, H. S. 

380. Correlation papers.—Devonian and Carboniferous.—U. S. Geol. Survey, Bull. 
80, 279 pp., 1891. 

Willis, Bailey. 

381. Index to the stratigraphy of North America, accompanied by a geologic map of 
North America compiled by the United States Geological Survey in co-opera- 

tion with the Geological Survey of Canada and the Instituto Geolégico de 
México, under the supervision of Bailey Willis and G. W. Stose—U. S. Geol. 
Survey, Prof. Paper 71, 894 pp., 1 pl., 1912. 

Winslow, Arthur. : 
382. Notes on the coal beds of Lafayette County.—Geol. Survey Missouri, Bull. 

1, pp. 14-21, 1890. ; 
383. A preliminary report on the coal deposits of Missouri—Missouri Geol. Survey, 

pp. 19-226, with 131 illustrations, 1891. 

384. Geology and Mineral Products of Missouri—Missouri at the World’s Fair 
(Official publication of the World’s Fair Commission of Missouri) St. Louis, 
Woodward and Tiernan Printing Co., 1893. 

Discusses the coal resources and coal production of Missouri. 

885. The coal measures of Missouri.—U. S. Geol. Survey, Min. Res., 1892, pp. 429- 
436, 1893. 

886. The mapping of Missouri.—St. Louis Acad. Sci., Trans., vol. 6, no. 3, pp. 59- 
99, 1893. 

887. The Missouri coal measures and the conditions of their deposition.—Geol. Soc. 

Am., Bull., vol. 3, pp. 109-121, sketch map and seven sections, 1893. 

| 
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388. The Coal Measures (of southwest Missouri).—Missouri Geol. Survey, Lead and 

' Zinc Deposits of Missouri, vol. 7, pp. 421-425, pls. 15-17, 1894. 

389. The geologic history of Missouri—Am. Geologist, vol. 15, pp. 81-89, 1895. 

390. A report on the Higginsville sheet, Lafayette County (Missouri).—Missouri 

Geol. Survey, vol. 9, Sheet Reports 1-4, 1896. 
Also issued as folio in 1892. 

Worthen, A. H., see Meek and Worthen. 
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